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We specialise in die blocks; our 
modern die plant is designed ex- 
clusively for the produttion of die 
blocks of unvaryimg excellence. 
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WALTER SOMERS LTD. HAYWOOD FORGE, HALES OWEN Ne BIRMINGHAM 
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Bridge Type 4 ton Friction Drop Hammer at Messrs. Kirkstall Forge Lid., Leed 


cut costs with... 


Massey Friction Drop Hammers, Bridge Type, are made 


Massey designs include: 
Steam and Compressed Air 


in a range of sizes from 10 cwt. to 16 tons capacity 
Hammers, Pneumatic Power 


and are capable of producing forgings of the most intricate Hammers, Friction Drop Hammers, 
Double-acting Steam and Com- 
pressed Air Drop Hammers, Forging 
adaptability, coupled with low operating and upkeep Sree. Senses Preees. Tue 
Fixing Rolls 


design at high production speeds. Ease of control and 


costs, make them the obvious choice for any general forge 


Be ASSEY I opensHAWw - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 





TELEPHONE HALES Owe 
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BARFIELD 
CARBONITRIDING 


... the best in every case 


CONSIDER THESE POINTS: 


@ Clean working conditions 


® Unskilled labour may be employed to 
carry out the process 


@ Post-cleaning operations reduced 


®@ No storage space required for case hard- 
ening materials 


@ Simple system of atmosphere control 























a CARBONITRIDING OF MILD STEEL (En 32) Shaker hearth furnace 
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FOR ALL HEAT-TREATMENT PURPOSES 


Rotary drum furnace 


WILD-B 


E 


RFIELD ELECTRIC FURNACES LIMITED 


3 L A RD BY-PASS * WATFORD * HERTS * Telephone: Watford 609) (6 lines) 
wese 
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Cracking 


Performance! 


««« With I.C.1. Anhydrous Ammonia 


1.C.1. provides industry with anhydrous ammonia, a cheap source of pure nitrogen 
and hydrogen gases. And to convert the ammonia into these gases efficiently and 
economically, |.C.|. offers a full range of crackers and burners, Transport and 
handling charges are low because I.C.I. anhydrous ammonia is conveniently 


transported in large-capacity cylinders and in tank wagons. 





e Full information on request: 


imperial Chemical Industries Limited, London, $.W.1. 
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Hydraulic press brake 





Mechanial 
ress brake 
with horn extension m 


10 x= 4° capacity 


The Eldair series of mechanical press brakes handles light and medium 
plate sizes up to 12 4” M.S. with a forming pressure up to 110 tons 
They are extremely powerful and smooth in operation and fitted with a 
multi-plate clutch and automatic brake for inching. 


Eldair hydraulically operated press brakes are entirely self-contained 
and designed to provide smooth single or continuous stroking action 
They are available in pressures up to 700 tons and a bending capacity up 
to 14° = }” M.S. The stroke is adjustable to suit the application with full 
pressure available at any position 


Many extra features including horn extensions, increased throat or 
die space and wide bed are available to the complete range. 


di all ae 


— - 
WICK MAN @SOLIM ITE D 


FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 
Telephone: Coventry 74321 
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DISPERSIONS 


Hivstration by permission 
of High Duty Alloys Ltd 


ACHESON COLLOIDS LTD. (Subsidiary of Acheson Industries (Europe) Lid PRINCE ROCK PLYMOUTH ~- DEVON 
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These furnaces are true maids-of-all-work. They are ideal for vitreous as 
enamelling, annealing, case-hardening, normalising, stress-relieving, or e 
any metallurgical process. Fitted with atmosphere or vacuu 
e 
tainers they are equally good for bright annealing, degassing, copper 
brazing, sintering, etc. . 60-K W 
®Maximum working temperature © Non-distorting heart! e per 
/ 
1,150°€ ® Highly efficient thern tion we 
> temneratir ntrol e 24 
® Elements fitted in door as well Automatic tempe control 
as walls, to ensure even tem- @Safety devices to cover con ° 
perature Arranged for rapid tingencies 
heating ® Easy maintenance ° Har 
node 
There are so many uses for these furnaces that you can hardly afford o ib 
not to investigate. We shall be glad to send you full details of them “2 7" 
or any other of our wide range of furnaces on request a : 
HEDIN LIMITED INDUSTRIAL HEATING SPECIALISTS . 
Commerce Estate, S. Woodford, London, E.18. BUCkhurst 660/-2 ° 
STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 
ZTYANIDING POTS HIGH SPEED TOOL. DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON. BRASS, GUN METAL also STAINLESS TEEL ROAD 


PHOSPHOR BRONZE, ALUMINIUM erc LINES, STUDS & SIGNS 




















HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO"’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.O.S. approved pect f tre talled 


Routines X 


Ay fehason . Lilet Lid 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 


Foundry : Aiziew IR heMeid 
Machine Shops: 6r field Road, Sheffield 


London Office : Central House 
Upper Woburn Place, W.C.! 
(EUSton 4086 


Giosgow Office : 93 Hope Street, C 


(Central 8342 S 
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HEAT TREATMENT PLANT 


comprising two Towns Gas Fired Furnaces with 
Quenching Equipment and Charging Machine 


WTAY 
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G.E.C. High Temperature Vacuum Furnace installed in the B.S.A. 
Group Research Powder Metallurgy Laboratory at Small Heath, 
Birmingham. 


for sintering materials for 
use at high temperatures 


G.E.C, vacuum furnaces meet the need for high 
temperatures for such applications as sintering 
for efficient and degassing, brazing with nickel chromium 
process heating _ alloys, heat treating titanium, tantalum and 


s zirconium. 
use They provide an operating vacuum between 


10% and 10° mm. mercury. Temperatures up to 
2000°C. have been achieved. 
Write for further details. 


The furnace element assembly 
and side radiation screens. 





FURNACES « HIGH FREQUENCY « INFRA-RED 





THE GENERAL ELECTRIC CO. LTO., MAGNET HOUSE, KINGSWAY, LONDON, W.C,2 
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+ Tri-Mor Plastic & Gastables - 
— MAKE INSTALLATIONS EASIER, QUICKER AND GHEAPER j{- 
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Front and side walls of a Queen Mary boiler in Tri-Mor High Temperature Mould- 
able, with MR 60 anchors. Burner quarls in Tri-Mor High Temperature Castable 


TRI-MOR GRADES 
TRI-MOR Standard Castable 


A medium texture refractory having negligible 
shrinkage up to 1,350 C. Suitable for casting special 
shapes or for monolithic structures. Limiting service 
temperature 1,350 ¢ 

TRI-MOR High Strength Castable 

A similar refractory to Tri-Mor Standard Castable, 
but specially developed to have very high mechanical 
strength over the lower temperature range. Maxi- 
mum service temperature 1,250 ¢ 


TRI-MOR High Temperature Castable 

Suitable for face temperatures up to 1,600 C; has an 
extremely high resistance to thermal shock; used for 
cast in situ monolithic structures and for pre-cast 
refractory shapes; can be applied with a cement gun. 


TRI-MOR High Temperature Mouldable 

A plastic refractory for use up to 1,650 ‘C: low shrink- 
age and a high resistance to spalling. Supplied mixed 
to the correct consistency for installation 
TRI-MOR Dense “Guncrete”’ 

A hydraulic setting refractory with a maximum ser- 
vice temperature of 1,300 C. It has a high resistance 
to abrasion. Designed for application by cement gun, 
but can be trowelled. 

TRI-MOR Insulating Castable 

An insulating castable for maximum service tempera- 
tures of 1,200 C; low thermal conductivity is its 
main feature. 

TRI-MOR Insulating “Guncrete”’ 

Similar to Tri-Mor Insulating Castable but for appli- 
cation by cement gun 

Full details of each grade are available on request. 
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For further informa nf 


rite to 


MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TEI 


NESTON 1406 
NE 138 
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Progressive managements 
specify Birlec induction heating 
plant for billet heating 
applications including forging, 
upsetting, extrusion and rolling 
Not only are high outputs 
obtained with consistent 
quality but the method saves 
floorspace and, due to absence 


of scaling, extends die-life 
Lending themselves to 
mechanical work-handling, 
Birlec induction heaters 
also promote more flexible 
programming of work 


Induction He 





at losses due 
to stand-by and heating-up 
periods, and temperatures are 
accurately regulated. Fewer 
operatives are required, their 
working conditions are 
improved, productivity is 
BIRLEC LIMITED increased and overall 
production costs may be 
substantially reduced, 


$M BMIL/IH 
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RESISTANCE 
FURNACES 


ANNEALING + DEGASSING 
BRAZING + SINTERING 


The experience of the National Research Corpora- 
tion who have built more than 100 vacuum furnaces, 
now in successful operation, and the facilities in 
Britain of Wild-Barfield combine to offer unsur- 
passed vacuum resistance furnaces of the horizontal 
muffle, pit and bell types with diameters from 2 to 
54 inches. 

Bright surfaces and reproducible results are 
assured by these furnaces, which can also be used 
to restore the desirable physical characteristics of 
hydrogen embrittled titanium and zirconium. 
Special equipment can be made for particular 


requirements. 

OTHER VACUUM EQUIPMENTS 
® Induction and Arc furnaces 
© Hydrogen in Titanium analyser 
® Vacuum Fusion gas analyser 


® High Vacuum Diffusion Pumps 





2 36 36” 
This model has a uniform hot zone 36° dia x 36° high ie the trademark of the Netional Research Corporation, 


and ultimate vacuum of less than 1 micron registered in the United States Potent Office 


® 


udp FOR ALL HEAT-TREATMENT PURPOSES 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD B WATFORD, HERTS. Telephone: Watford 1 «8 nes 
macs 
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Caliper type brake 
Our own design giving excellent 
performance under severest conditions 






Top and bottom ejectors 
air operated, adjustable to suit all requirements. 
Operation of air ejectors 


can be limited to every second or third 
stroke as required 


Calibrated table adjustment 


ensures accurate die setting 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 
and requires minimum maintenance 
for safe, reliable operation 


Write for details t 


EUMUCO (England) Ltd 


12 GREAT PORTLAND STREET, LONDON, W.1. rTecepHone: museum 2596/7 





Smec's 
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gear components gas carbwised 





in Efco furnaces 





Automobile gear components 
Carburised in EFCO Furnaces 


Austin, Crossley, Ford, Jaguar and other 
leading firms in the motor industry use Efco 
furnaces for hardening, gas carburising or 
carbonitriding gear components 

Pit type, horizontal GVRT type, shaker 
hearth, or continuous furnaces are offered 
The heating may be gas-fired radiant tube, 
or. electrical—including the revolutionary) 
Corrtherm element—according to type 
Either endothermic gas or hydrocarbon dnp 
feed can be supplied for the carburising or 
carbonitnding gas 

The furnace and cooling chamber on the 
right are installed at Crossley Motors Ltd 
A standard Efco G.C.V.4 furnace, rated at 
100 kW, its charge basket dimensions arc 
24 in. diam. by 54 in. deep. The carburising 
gas is obtained from a hydrocarbon drip 
feed unit. 





Let us send you the Efco 
) Carburising & Carbonitriding 
Catalogue No. R.21 


ELECTRIC RESISTANCE FURNACE CO. LTD., NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY 





Telephone: Weybridge 3816 . Associated with Electric Furnace Co. Ltd., and Electro-Chemical Engineering Co. Lid 


NRP_R3040 











Wilkins & Mitchell Stripping and Setting Presses 
make multiple operations in line-flow produc- 
tion a practical proposition. This increases the 
productive capacity of both drop hammer and 
forging press and ensures : 


increased output 
closer tolerance forgings 


reduced component cost 





WILKINS & MITCHELL LTD 


DARLASTON. -; SOUTH STAFFS 


° ENGLAND 


Export Section: 70, Park Lane, London, W.|. 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 


UP TO 20°, FUEL SAVING. 
SMOKELESS COMBUSTION. 
NO UNCONTROLLED AIR. 
MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 
TECHNICAL & ADVISORY SERVICES. 


}Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS. 
REDUCED MAINTENANCE. 


LESS WASTAGE, 
AND INCREASED OUTPUT. 


Oil-fired Slot Type Forge Furnaces 


DAVID ETCHELLS & SON LTD 


FURNACE DIVISION 
DARLASTON S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 


UP TO 20°,, FUEL SAVING. 
SMOKELESS COMBUSTION. 
NO UNCONTROLLED AIR. 
MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 
TECHNICAL & ADVISORY SERVICES. 


5}Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS. 
REDUCED MAINTENANCE. 


LESS WASTAGE, 
AND INCREASED OUTPUT. 


Oil-fired Slot Type Forge Furnaces 


DAVID ETCHELLS & SON LTD 


FURNACE DIVISION 
DARLASTON S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 
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Wilkins & Mitchell Stripping and Setting Presses 
make multiple operations in line-flow produc- 
tion a practical proposition. This increases the 
productive capacity of both drop hammer and 
forging press and ensures : 


increased output 


closer tolerance forgings 
reduced component cost 





WILKINS & MITCHELL LTD 


DARLASTON ° SOUTH STAFFS ° ENGLAND 


Export Section: 70, Park Lane, London, W.|. 
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° A demonstration is the best method of proving to your satisfaction the 
suitability of Delapena Induction Heating equipment for your own specific needs. 

With this in mind our unique 
Applications Department offers you 
demonstrations of the many advan- 
tages of our patented induction 
heating process. For example, gear 
hardening can be made a production 
line process; manufacturing costs can 
be reduced by the elimination of 
expensive grinding operations; tooth 
profile can be finally hardened with the 
minimum of tooth “shape-change”, 
ensuring a quieter and longer-lasting 
gear. These are but a few of the 
advantages offered to you by Delapena 
Heat Induction equipment. Why not 
come and see for yourself? We'll 
prove it! 


This fully autometic 
machine handies 
geers within a 
range of 14° 

to 26° diameter, 

2 to 10 diametrical 
pitch, fece widths 
up to 8", and spur 
and helical 

gears up to 30°. 





induction heating 


Delapena 





DELAPENA & SON LIMITED 
Manufacturers of induction Heating and Precision Honing Equipment 
ZONA WORKS - CHELTENHAM - ENGLAND 


Telephone: CHELTENHAM 56341 
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Dependability 
and Quality 
in Special 
purpose 
Alloy and 
Carbon 
Steels 


Black rolled, bright dra 
or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 
steels, die steels, shear blade steels, 
high-speed tool stcels, stainless 
steels, valve steels, hollow steel 


Sas 
ars 


Dunelt 
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DUNFORD & ELLIOTT 
(SHEFFIELD) LIMITED 


ATTERCLIFFE WHARF WORKS 
SHEFFIELD 9 


Telephone: 41121 (5 lines) 
Telegrams: “ Blooms, Sheffield, 9” 
London Office Linford St.. S.W.8& 


Birmingham Office 25 Burlington 
Chambers, 118 New Strect, 2 
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FRICTION SCREW 





FORGING PRESS 


With push button 


Programme Control 


Producing heavy pipe flanges 12” dia 
bore x 19” ofd., from billets, in one 
heat and three blows: 


The press is equipped with push button 
programme control to give blows of 
different strength automatically for one 
operating cycle. 


Maximum nett energy rendered is 
approx. 195,000 ft./lb. 














NRP 1599 


PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER+-LONDON:S wt 
Telephone: ABBEY 5338 Telegrams: POWAFORGE, SOWEST, LONDON Cables: POWAFORGE LONDON 
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Atlas Steel Foundry. Bogie for mould drying stove, topped 
with Refractory Concrete. Bogie is 25ft. long and toft. wide 
the topping being 6in. thick. The door shown is lined with 
Cément Fondu insulating concrete 


Its monolithic construction 

eliminates troubles due to displacement of bricks 
—It will withstand severe thermal 

shock without spalling 


—It is stable under load up to 1300°C 


© 


“~ 
a 
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Examples of another of the many uses for 
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CONCRETE 





~ Wm. Jessop & Sons Lid. Bogie is sft. long by sft. wide 
topped by 6hin. of Refractory Concrete 


—It is ready for use and of great 
strength and hardness in 24 hours 


—It has no appreciable drying shrinkage or 


after-contraction 


2400°F.) 













Ltd. Bogie for gas-fired anne@ mg oven operating 


Bogie used at large Northern Foundry, in gas-fired tunne/ oven, 
he door is also lined with Refractory Concrete. 


for annealing maleable iron at 1050° C. Bogie is 7ft. by 7/1 
and the Refractory Concrete is t2in. thick. 


Crossley Bros 
at 6s0° ¢ 


REFRACTORY CONCRETE 


the adaptable Refractory material 
made with crushed firebrick and 


CIMENT FONDU 


FOR SPEED - STRENGTH 
RESISTANCE - REFRACTORINESS 


Ciment Fondu is manufactured by 
LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 
73, BROOK STREET, LONDON, W.1. Telephone: MAYFAIR 8546 


You are invited to write for further details and photographic examples AP 3-138 
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WATE GEMENT 







M-ALUMI 


(Over 0% Ale 0s) 
s & SILICA LE 


WHITE CALCIU 









pon COMPOUND 


Bonded with appropriate 
aggregate this cement provides 

Super-duty Castabie Refractory Concrete 

for service temperatures up to 1,800°C (3,300 'F) 


Refractory Concrete free from iron Compounds 





& Silica is now possible for the first time. 


REFRACTORY CONCRETE FOR ANY PURPOSE 


BECAUSE 
Almost the entire Refractory field can be covered by 


Refractory Concretes based on SECAR 250 or 


SECAR 250 concretes have all the well known properties 
of Ciment Fondu concretes 


PLUS 

@ HIGH PURITY 

@ HIGH REFRACTORINESS 

@ HIGH SLAG RESISTANCE 

@ HIGH COLD STRENGTH 

@ HIGH SPALLING RESISTANCE 

e@ HIGH CASTING ACCURACY 

@ HIGH RESISTANCE TO CORROSIVE ATMOSPHERES 
@ NO SPECIAL PRE-FIRING PROCEDURE 


is a product of 
Lafarge Aluminous Cement Co. Ltd. 


Manufacturers of 


ALUMINOUS CEMENT 








WRITE FOR BOOKLETS ‘SECAR 250° AND ‘REFRACTORY’ CONCRETE 
LAFARGE ALUMINOUS CEMENT CO. LTD. 7s. saoox sracer, conoon, ws 


- TEL: MAVYfair 8546 
aves 
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HEAT TREATMENT 
and 


MECHANICAL TESTING 
& 


SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW, F.I.M. 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE - COLD BEND TESTS - IZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 


Approved: A.1.D. B45587 39 LA. 1A 42241 A.R.D Al 2368 46 


BACON LANE WORKS <« SHEFFIELD, 9 


Telephone 41061-2 Telegrams: Special, Sheffield 
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‘FULLOAD’ 


Heat Treatment 
Furnaces 


Maximum efficiency with minimum 
fuel consumption. The unique ex- 
haust flue arrangement in the bogie 
hearth ensures speedy heating of the 
load, constant temperature in the 
furnace and the elimination of cold 
areas in the heating zone. We supply 
furnaces for all purposes and all fuels, 
batch type or continuous. For fur- 
ther particulars ask for leaflet 47. 


Photo by courtesy of 
Messrs. Lioyds (Burton) Limited 





SALT BATHS and 
HOT AIR BATHS 


For the solution treatment of aluminium alloys. 
Temperatures correct to within 3°C. Our Salt Baths 
and Air Recirculating Furnaces fulfil the most stringent 
specifications and conform to all A.I.D. requirements. 
We can supply Quench Tanks and all other ancillary 
equipment. We design the Furnace to suit our 
customer's requirements 








MODERN FURNACES Binnie 
and STOVES LIMITED == 


BOOTH STREET, BIRMINGHAM 21. phone : SMEthw ick 1591-2 grams: Mofustolim, B’ham 21 
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all the way 


Every furnace is an Incandescent furnace in the 
annealing shop at the Abbey Works of The Steel 
Company of Wales Ltd. More are to follow, 

ind extensions now in progress (seven furnaces and 
eighteen bases) will bring the installation up to 

29 furnaces and 78 bases, with an output of 

17.000 tons per week. 


” 


THE INCANDESCENT HEAT CO. LTD. * SMETHWICK +: ENGLAND 


9/10/58 
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Cut your Forging Costs by installinga... 


BRITISH-MADE 


CHAMBERSBURG CECO-DROP HAMMER 


Sole Agents 





An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. 


* Improved accuracy of die match. 


The,Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The size available for, early delivery is the 3,000 Ibs 
and full details of specifications are contained in a 
comprehensive catalogue which will be sent on 
request. 


AD.271 





ALFRED 
Hf E. R B = R Tr LTD., COVENTRY ~ FACTORED DIVISION, RED LANE WORKS 
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By kind permission of 
Messrs. D. F. Tayler & Co. Ltd. 


Towns Gas fired 
Water Sealed 

Muffle for clean 
annealing brass and 
copper wire coils 


... 





GIBBONS BROTHERS LTD:-P.O. BOX 19, DIBDALE-DUDLEY-WORCS. 


TELEGRAMS « “GIBBONS, DUDLEY” 
TELEPHONE - DUDLEY 3141 
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This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 
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The drop forging as delivered by the drop forger must suit the final 
machining process by uniformity of hardness, toughness, etc, and 
therefore it is important that agreement be reached between the 
designer, the drop forger and the finish-machiner as regards optimum 
tolerances and machining allowances. These will, of course, vary 
according to which method of machining is chosen. It must also be 
borne in mind that drop-forged items with cold-pressed surfaces will 
already possess the necessary finished accuracy in certain dimensions 
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An apparatus incorporating a pressure-vessel capable of withstanding 
an internal gas pressure of 6,000 Ib/sq in. at a temperature of 950°C is 
described. Gas from cylinders is compressed by a pump to the pressure 
required, and the high temperature obtained by lowering a furnace over 
the end of the pressure-vessel which contains the sample 
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JAGUAR AND G.W.B. 





The superb performance and reliability of Jaguar cars 


are outward evidence of the care which goes into 
the manufacture of every component, each of which 
must conform to the highest standards of inspection. 
Heat-treatment plays an important part at many 


stages of the various manufacturing processes. 





The latest addition to the heat-treatment shop 
at Jaguar Cars Limited is aG.W.B. electrically 
heated Roller Hearth Furnacespecially designed 
to carry out normalising, cyclic annealing and 
Stress relieving a variety of components 
SPECIAL FURNACE DESIGN The unusual 
multi-purpose requirements have resulted in 
an installation in virtually two sections. (1) 
High temperature (950°C) furnace, followed 
by (2) forced draft cooling section, and finally, 
(3) a 650°C heating chamber 
APPLICATIONS 

Normalising: Welded components slow cooled 
from 900 C 

Cyclic annealing: Gear forgings heated to 
950°C, cooled to 550°C and reheated to 650°C 
Stress Relieving: Partly machined forgings 
such as crank shafts and gear blanks stress 
relieved between 550° and 650°C, and cooled to 
200 C in the final 8’ 6” long cooling chamber 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Tel: Dudley 4284/5/6/7 and 508 1/2/3/4/5 


Proprietors: Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. Gwe 208 
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General and particular 


and the widespread acceptance, of the research association as a method of getting 

various investigations under way, pursuing them as long as they promise to be 
reasonably valuable and finally seeing to it that the results of such investigations are 
translated into some concrete development. Generally speaking, most research associa- 
tions may credit themselves with a number of outstanding successes in this field, though 
there may well be also an uncomfortably large number of projects which have turned out 
to be either spectacular failures or, more likely, simply sterile, that is to say interesting 
to the investigators, and making a significant contribution to the sum total of scientific 
knowledge, but not immediately ‘ applicable’ in the sense that they can lead to any 
notable industrial development. 


A: EATURE of industrial life during the past two decades has been the emergence, 


A field in which industrial research associations may, however, play a most important, 
if not readily publicized, role has been recently brought to light by the publication of a 
small booklet entitled ‘ Small firms with big problems.’ This has been issued by the 
Department of Scientific and Industrial Research and it tells briefly the story of an 
experimental Technical Liaison Service run by the Scottish Council (Development and 
Industry) in 1955-56 to help small and medium-sized engineering firms in the matter 
of information and the flow of information. The full findings of the investigation have 
been the subject of a much larger report issued by the Scottish Council in Edinburgh. 


The experiment, which was undertaken in the central industrial belt of Scotland, sought 
to bridge the gap between research institutions and their store of valuable knowledge and 
the smaller-sized firms who might well make use of this knowledge but who lacked 
trained scientists or technologists to guide them to it. This is not the first time by any 
means that this problem has been studied; several previous reports from other industrial 
centres have stressed the necessity of providing technical information centres with field 
officers covering a given region or locality, but only the Scottish study has actually set 
up such an organization and then examined closely how it operated in practice. During 
the time that the experimental Technical Liaison Service (the T L S) was in operation 
a total of 109 smaller-sized firms were assisted and solutions were sought to 223 problems 
which the firms could not overcome with their own resources. Of the 153 problems 
successfully answered by the T L S, 80 were accepted by the firms as the basis of some 
new departure in organization, technique, or manufacturing method. Roughly speaking, 
three-fifths of the questions answered were technical in character, and the other two- 
fifths were organizational. 


Now, all the findings of the Scottish investigation, covering both types of problem, are 
too many and varied to be considered in detail here, but they all added up to one con- 
clusion—that there is a tremendous gap between small and medium-sized firms and 
potential sources of information. Written publicity from research bodies, says the 
report, has been shown to be a totally inadequate substitute for personal contact or 
recommendation. The shortage of technical staff in many firms often makes it difficult 
for them to apply the general theoretical findings received from many research and 
information organizations ; a permanent technical liaison service would perform a valuable 
function for both firms and sources of information. 


To the T L S itself (during its brief period of existence) it is stated that three research 
associations proved-outstandingly useful, namely the British Cast Iron Research Associa- 
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Rapidly increasing importance of a rare metal for atomic uses 


IN THE FIELD OF NUCLEAR ENERGY the Atomic 
Energy Authority is so confident that developments 
in this country will depend on gas-cooled reactors 
as at Calder Hall that full-scale production has been 
called for in the case of two essentials. These are 
beryllium for fuel cans and uranium ceramics as 
fuel elements. This promotion of the rare metal 
beryllium provides a striking theme in industrial 
application of what the Americans called ‘ the 
metal from low-grade emeralds.’ Despite high cost 
and a rarity emphasized by estimates of beryllium 
in the earth’s crust as only one thousandth of one 
per cent, there has come the advanced gas-cooled 
reactor (A GR) in which beryllium is essential. 
The G E C is to build a new research laboratory at 
Erith entirely devoted to beryllium, while I C I is 
to develop extraction of the metal to the order of 
hundreds of tons annually. Even when by-product 
beryllium from mining felspar and mica is added to 
limited sources of hand-cobbed beryl ore, the 
problem of sufficient beryllium will add to other 
difficulties associated with what has been called 
‘the world’s number one metallurgical headache.’ 

To appreciate the story of this rise to a strategic 
metal, a brief reference to beryllium’s early history 
is appropriate. Pliny began the tale when he 
expressed the belief that beryl and emerald were 
near relations. Hauy verified this, so it was not 
surprising to hear of the analyst Klaproth boasting 
of using a Peruvian emerald for his search for 
a new element. But it was the French chemist 
Vauquelin who detected a new element, one pre- 
pared as impure metal powder in 1828. Only in 
the nineteen-twenties did beryllium appear in ingot 
form, a metal exceedingly difficult to work, yet 
attractive since it is only two-thirds the density of 
aluminium. 

Though other exceptional properties soon became 
apparent (apart from its uses yet to come in the 
atomic field), beryllium posed its first problem in 
proving rare despite intensive prospecting for 
mineral resources. Occasionally the element 
appeared in huge crystals, one of which was 18 ft 
long and 4 ft dia. By 1947 production of beryl ore 
was approximately 3,000 tons, which yielded less 
than 100 tons metal, a figure beyond which nothing 
further has been quoted since the metal became 
* strategic.’ Occasionally, also, there would come 
a beryllium ‘find,’ as when a British corporal 
sauntered out of his geology lesson provided by 
the R.A. Educational Corps in Hong Kong in 1956, 


and hit upon a rich vein of high-grade beryl. 

An even greater problem than the sporadic supply 
of beryl is the extreme difficulty of working pure 
beryllium metal with its high fusion-point and 
a high vapour pressure just above this point. Not 
only are beryllium derivatives so toxic that special 
precautions have to be rigidly enforced, but the 
metal can only be hot-pressed in a vacuum, rolled, 
extruded or fabricated while enclosed in a steel 
sheath or ‘ can.’ Beryllium metallurgy was not so 
difficult, while alloys with copper and nickel were 
produced as chief applications. Beryllium-copper 
containing only 2°,, of the rare element showed such 
striking qualities that it would not have been 
surprising if all beryllium production had gone 
into this alloy, which is six times as strong as 
ordinary copper, outbids phosphor bronze, shows 
no sparking properties in dangerous atmospheres, 
has a high electrical conductivity and corrosion 
resistance, and increases the life of instruments a 
hundredfold. Beryllium-nickel, again with only 
2°,, beryllium, is invaluable in heavily-stressed 
aircraft parts, and beryllium-nickel steels or iron 
alloys are widely adopted in Swiss watch factories 
and elsewhere. 


Uses of the unalloyed metal 

All this appeared to determine the position and 
potential apy lications of beryllium for decades to 
come, until unalloyed beryllium metal suddenly 
took the limelight. The metal had been used at 
times for neon sign electrodes, while in windows 
for X-ray tubes it proved invaluable, since with its 
low atomic weight it outbid aluminium with a 
transmission 17 times greater. 

In the atomic energy field all the claims for 
beryllium have proved well founded—claims for it 
as metal superior to all others as moderator or 
reflector of neutrons. There is also a high corrosion 
resistance in reactors cooled by carbon dioxide, 
such gas cooling being preferred in this country for 
higher temperature operation. With fuel cans of 
beryllium enabling a working temperature of 600°C 
a gain of 100° is achieved over temperatures poss- 
ible with other metals. 

When 160 years ago Nicolas Vauquelin, who had 
begun his chemistry as bottle-washer in a Rouen 
pharmacy, discovered a new element in emerald, 
he began a story which has taken on new facets 
never imagined in that serene era in chemical 
history. 
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tion (B CI R A), the British Welding Research Association (B W R A) and the British 
Iron and Steel Research Association (BIS RA). Significantly, the first two of these 
had local representatives in Scotland which enabled them to give more direct and practical 
replies than some of the others, and it is the opinion of the investigators that BIS RA 
could profitably appoint local permanent staff. 


The findings of this Scottish survey underline a fact which is not always appreciated as 
clearly or as widely as it might be; namely, that National industrial development as a 
whole proceeds more often than not by a series of small local advances rather than by 
a major ‘ push’ on a broad front. Every now and then it is true, something in the nature 
of a revolutionary upheaval does take place and some new product or new process is 
born, usually after a protracted and difficult labour which only firms with big resources 
behind them can contemplate. The work of a research association may or may not play 
a major part in this kind of development; we suspect that the part played is not always 
as great as some protagonists would have us believe, but be that as it may, it is evident 
now that of equal if not greater importance in the long run are the innumerable little 
bits and pieces of assistance to small firms which a research association, properly equipped 
with liaison personnel, can render. 


It must be recognized at the same time, however, that work of this kind may not always 
be altogether attractive or satisfying to research association personnel. Quite rightly, 
the accepted forms of scientific and technological training in this country lay the major 
stress on the study of fundamental principles. A mind which cannot readily grasp these 
principles, or appreciate the beauty of mathematical analysis applied to problems of 
physics, chemistry and their related offshoots, is not the mind of a scientist. After three 
or four years at a university in daily contact with this kind of thinking, it is hardly sur- 
prising that the graduate scientist constantly feels drawn to continue thinking along the 
same lines, and believing that industrial development should arise from ‘ fundamental ’ 
research. But the brutal fact remains that in nine cases out of ten, industrial progress is 
made not so much by the application of scientific knowledge as by what can only be 
described as ‘ inspired tinkering.’ The problem worrying firm A is often answered 
most successfully, not by the theoretical scientist, but by the man who knows how 
firm B got over some similar trouble, and who can quickly see how firm B’s experience 
can be adapted to help A. Knowledge of the particular, in other words, is often far more 
valuable than knowledge of the general. 


A perfect example can be cited, namely, the use of ferro-silicon-chrome to deoxidize and 
recover chromium from the slag in the electric-arc furnace after refining a charge of 
stainless steel with the oxygen lance. Prior to 1950 this was normally carried out in 
Britain with ferro-silicon, followed by a make-up addition of ferro-chrome. It was 
realized, however, by an officer of BI S RA (now the present editor of this journal), 
that the operation was essentially the same as that used in the final stages of the Perrin 
process for the production of low-carbon ferro-chrome, and that therefore the ternary 
alloy should do the job just as well and more quickly. Some ferro-silicon-chrome was 
obtained and, sure enough, it proved to be a notably better and cheaper way of com- 
pleting the operation.* 


The point to note is that the BI S RA officer did not hit on this scheme owing to his 
knowledge of general metallurgy; he did so because eight years previously he had been 
employed in Britain’s only Perrin plant and was therefore one of the few men in the 
country who knew that ferro-silicon-chrome existed and what it would do when added 
to a basic, chrome-bearing slag. A lifetime spent in a fundamental research would not 
have given him this, at the time invaluable, piece of information. 


*This technique is fully described in ‘ Iron and Coal Trades Review,’ September 29, 1950, (161), 525-528. 
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Drop forgings to suit the final machining 


Prof Dr Ing OTTO KIENZLE 


The following article is a translation from the German of the author’s contri- 
bution to the Seventh Mechanical Engineering Congress held this year at The 
Hague. It is pointed out that the drop forging as delivered by the drop forger 
must suit the final machining process by uniformity of hardne-s, toughness, etc, 
and therefore it is important that agreement be reached between the designer, the 
drop forger and the finish-machiner as regards optimum tolerances and machining 
allowances. These will, of course, vary according to which method of machining 
is chosen. It must also be borne in mind that drop-forged items with cold-pressed 
surfaces will already possess the necessary finished accuracy in certain dimensions. 
Professor Kienzle is head of the drop-forging laboratory at the Technische Hoch- 
schule, Hanover, Germany 


THE ROLLED METAL which is to be made into tools 
or other machine components is obtained in various 
forms from the rolling mills. The commonest at 
the present time is rolled bars from which a con- 
siderable quantity of material must be removed by 
turning, boring, planing and milling. The finished 
form is approximated closest by material which 
has been cold formed in the forge from the rolled 
bar, and which only requires a small amount of 
machining; the possibility of this is limited by the 
malleability of the material and by the expenditure 
on tools and machines. 


Between these two groups, with respect to the 
approximation to the final shape, there is the 
hot-deformed drop forging, which is manufactured 
from a length cut from the rolled billet. Compared 
with the rolled bar, it has the advantage that it can 
often be brought as close to the final shape as by 
rough machining, but it requires heating, the die 
and the forging machine. Compared with the cold 
deformed piece, it has the advantage of less defor- 
mation resistance and thus smaller power require- 
ments and cheaper machines and tools, but it does 
not reach the same accuracy of measurement and 
therefore requires more final machining. 


When we discuss the question in which way the 
drop forging can be made to suit the final machined 
item, it seems expedient to consider this in com- 
petition with the processes just mentioned and with 
a further competitor—the high-precision castings 
in high duty alloy—whether it be in steel or non- 
ferrous metal. 


The finishing process of the forging differs 


greatly accordingly to its purpose. In many cases, 
this consists only of a polishing-off of the flash, or 
polishing before galvanizing. To this end, it is 
important to forge the item with the highest 
smoothness of surface and to de-flash it cleanly. 
This is economically important, since otherwise the 
grinding costs can become too high with respect to 
the forging costs; we are thinking, for example, of 
tools such as pincers, hammers and spanners. 


For components for machines and plant we will 
divide the surfaces into the following groups: 


(A) Surfaces which can be forged so clean that they 
require no further machining These must have 
surfaces which are both macro-geometrically correct 
(round, smooth and even) and also micro-geometric- 
ally free of faults. These surfaces will be better 
according to whether the die is less worn and the 
scale is fully removed. 

(B) Surfaces which are only to be smoothed by 
a rough grinding This concerns mostly those in 
which the flash-line lies, is left on, but also those 
which are very rough because of die wear. 

(C) Surfaces which are to be machined In this 
there is the duty that the machine cut over the 
whole area machined must be as uniform as possible 
for all the items. 


There is no question that we must endeavour to 
transfer as many of the cases from surfaces of 
group (C) to group (B), and from group (B) to 
group (A). 

The comments which follow refer to items of 
group (C) which are to be machined and, in fact 
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WESTINGHOUSE RESEARCH LABORATORIES in Pitts- 
burgh, U S A, recently announced a new kind of 
magnetic steel called ‘Cubex.’ Described as ‘doubly- 
oriented silicon-iron,’ or ‘ cube-oriented silicon- 
iron,’ it is expected to be used in the magnetic cores 
of electrical devices such as transformers, motors 
and other electrical equipment. The metallurgical 
processes involved in preparing the new silicon-iron 
were originated at the Vacuumschmelze of Hanua, 
Germany—a division of the Siemens-Halske Co. 

In preparing the new material, Westinghouse 
claims to have discovered a new mechanism for 
crystal growth in metals. As a result, the new silicon- 
iron has a unique crystal arrangement, contrary to 
that normally encountered, and difficult to bring 
into being. The crucial characteristic imparted to 
the new steel by its unusual crystal orientation is 
an ability to be magnetized easily in four directions 
This permits magnetism to readily * turn corners ’ 
in the magnetic core of a piece of electrical equip- 
ment. 

Hot-rolled unoriented silicon-iron—the first true 
magnetic steel—was introduced into the electrical 
industry at the turn of the century. Then came 
singly-oriented silicon-iron, called Hipersil, which 
was developed and pioneered by Westinghouse and 
the American Rolling Mill Co in the 1930s. It 
represented a major advancement, and Hipersil- 
type iron still remains the best core material in 
large-scale use today. Considerable work still must 
be done in ‘ scaling up’ the new Cubex steel and 
finding the best ways of using it. 

Cubex steel has about the same chemical com- 
position as the standard magnetic variety—about 
3°, Si to 97°, Fe. The real difference arises from 
the way the steel is handled during its processing 
from rough sheet into the final product. The process 
responsible for producing cube-oriented silicon-iron 
has been shown to be operative in sheets thick 
enough to make it feasible for use in large trans- 
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formers and motors. Thin strip, which is much 
easier to prepare, has been made on a pilot-plant 
scale. Such strip, about | 5,000 in. thick, is of the 
dimensions used in airborne transformers, relay 
cores, and similar electronic and electrical equip- 
ment. 


Crystal arrangement 

The new cube-oriented silicon-iron is obtained by 
reorganizing the crystal arrangement normally found 
in the metal. Atoms of iron are arranged in such a 
manner that they form crystals in the shape of tiny 
cubes. The direction along any edge of the cube 
represents an easy path for magnetization; direc- 
tions across any face of the cube, or diagonally 
through it, represent difficult paths. Therefore, to 
have a good magnetic core material, these tiny cubic 
crystals must be oriented in the metal. 

[he crystal arrangement in a sheet of the new 
cube-oriented magnetic steel might be compared 
to the arrangement of a tray of ice cubes. Each cube 
rests flat on one side and squarely faces the ends and 
sides of the tray. Therefore, the edges of each 
cube are exactly aligned with each other and are 
always parallel to the ends (width) and sides (length) 
of the tray. Since the cube edges represent easy 
directions of magnetization, good magnetic paths 
exist along both the width and length of the sheet. 

In contrast, the crystals in ordinary singly- 
oriented silicon-iron are so arranged that only the 
lengthwise path exists. It is as if the ice cubes all 
face one end of the tray as before, but instead of 
resting on one face they stand on edge. In such 
case, the only cube edges parallel to a surface are 
those aligned with its length. In a sheet of this 
steel, length represents the only easy path of 
magnetization. 

Unoriented silicon-iron has a random arrange- 
ment of crystals in which the individual cubes occur 
in a ‘ hodge-podge ’ of geometric positions. 
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The deviations of dimensions of drop forgings 
depend on the die sizes and on the heat shrinkage. 
The latter remains more uniform the less the 
temperatures of the forgings vary; in this respect 
we are in the middle of a favourable development, 
since great attention is being paid to uniform 
heating on the grounds of forging, and ever greater 
use is made of electric induction heating. 

The accuracy of the die has increased in recent 
years, in particular with the use of automatic 
contour machines. The thing that damages this 
accuracy, however, after short use of the die is 
wear. Since this increases with the number of 
items, the deviations of size increase with the 
number of forgings forged in the die; in this 
respect the dimensional tolerance is a question of 
economy and of price. The larger the dimensional 
tolerance the more items from one die and thus 
the cheaper the forging. We can limit this tolerance 
range if we counteract wear. Means to this end are: 

The liquid-honing of die shapes. 

Chromium-plated die shapes. 

Insertion of wear-resistant high-duty die steel. 

Scale-free heating. 

Suitable lubricants. 
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There are in a number of countries standards for 
dimensional tolerances; a new standard for drop 
forgings from aluminium has just been prepared in 
West Germany. The manufacturer should ascertain 
whether compliance with the standard specification 
is stipulated in the contract. Concerning special 
agreements, it is recommended that the manu- 
facturer be given a drawing of the forging stating 
special tolerances, the other dimensions being to 
the general standard. The client must be aware 
that with any decrease of a tolerance the manu- 
facturing cost and the price are increased. Con- 
versely, a cheaper price is possible if certain recom- 
mendations of the forgemaster are followed with 
respect to shape. A simple example is shown in 
fig 6; if the designer permits an alteration of the 
shape 6a to that of fig 66, then there is a decrease 
of the wear and thus either higher accuracy for 
the same price or a lower price for the same 
accuracy. 

The dimensional tolerances 7 are known to 
depend closely on the quantity of excess material Z; 
if the minimum excess material Zmin is exceeded 
by +2°, then, 


> 
“ 


T nnd 
100 


. Zmin 


Assuming that z is a fixed amount for a particular 
process, ¢g turning, then TJ is proportional to Z. 
Large deviations in the dimensions of the forging, 
therefore, necessitate much excess material, which 
is undesirable on account of excess weight and the 
machining required. z will be small if the forging 
is to be machined in automatics; a forging suitable 
for automatics is one in which the value of z is small. 

We shall see that Z, too, assumes different values 
according to what machining method we are con- 
sidering. The excess material Z varies also for 
other reasons. One of the main reasons is the 
draft of the die; if for a round forging the 
skew of the die (referring to the diameter) is 1: 
and it is 1 mm long then the excess material from 
front to back is increased by 


\Z —. 
2k 


Therefore low values of skew (large values of k) 
are to be aimed at. Sometimes one can so arrange 
the forging method that all draft is avoided (fig 7). 
Holes are best pierced cylindrically on a horizontal 
up-setting machine. Also, one can decrease the 
amount of material to be machined off by forging 
in two directions (fig 8). 

From the forging point of view, the number of 
items to be made plays a large role. The larger 
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—in the experience of the author—particularly to 
steel. The condition in which the items are delivered 
shall be evaluated from two points of view: (a) 
quality of material and (6) dimensions. 


Internal properties of the forging 

The quality depends, in the first event, on the 
material which has been ordered by the forge from 
the rolling mills. This material, however, is 
altered during forging. According to the forging 
temperature, the grain size and structure are 
altered; both these are very important with regard 
to the ‘strength which the material must have in 
use. For subsequent machining, the hardness shall 
be uniform and the structure shall ensure a satis- 
factory chip, as well as a high life for the cutting 
tool. Although very high temperatures (up to 
1,200°C) in isothermal annealing give a very good 
structure for tool life and surface property, this 
method is not economic. Good results are obtained 
with isothermal annealing at approximately 1,050 C. 


If the forging is to be delivered annealed then of 


greater importance is the uniformity of every item; 
nothing is more unpleasant in final machining than 
varying degrees of hardness. 

Freedom from cracks as the result of excessive 
deformation in the die must be ensured by one of 
the well-known testing methods; in particular, 
every single vehicle component which is responsible 
for the safety of the occupants must be investigated, 
and the testing device itself must be checked for 
correctness of indication, from time to time, with 
the standard test-pieces. As well as cracks, so- 
called cold shut (lap) must be avoided. This is 
a point which the manufacturer can influence 
greatly by correct choice of the original shape, 
and by selection of the intermediate shapes. They 
occur when material which is flowing is forced 
from two sides towards a single point; such laps 
occur sometimes in the flash and often extend into 
the forging (fig 1). 

A further point of the natural properties of drop 
forgings is the direction of the fibres; also in this 
respect, the manufacturer has an influence when 
cutting from the rolled bar, and by choice of the 
forging processes. The fibre problem is, to my 
knowledge, not yet sufficiently explained. We 
know that the notch strength of one and the same 
material is appreciably less when the fracture plane 
(that in which the break occurs) lies parallel with 
the fibres, compared with when it is at right-angles 
to them (fig 2). The drop forger should therefore 
be informed in which direction alternating loads 
occur. With running surfaces which are stressed 
by rolling loads (eg gear wheels, roll journal 
bearings and rolls) the fibres must never run at 
right-angles to the stressed surfaces, but at least 
parallel with them and, if possible, also in the 
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direction of rolling (fig 3).2 It is clear from this 
that a gear wheel made from a forged blank is 
better than one milled from the solid, and a gear 
whee! with forged teeth is the best. A drop-forged 
item can have completely different fibre structures 
according to the position of the blank cut from the 
rolled bar relative to the direction of deformation 
fig 4a and 6). The pictures showing the direction 
of the fibres are sometimes inaccurate, as, for 
example, in the hollow forged item (fig 5). 


Accuracy of dimensions 

Although this point is the subject of many 
discussions between the manufacturer and user, it 
will not be treated here in full, since the author 
reported on this at the Fifth International Congress 
of Iron and Metal Users’ Industries, 1953, in 
rurin. We will repeat the general conditions and 
then go into the requirements of individual machin- 
ing processes. 


GENERAL CONDITIONS 

Concerning deviations of dimensions we distin- 
guish: (a) dimensional deviations, (6) deviations of 
shape, and (c) deviations of position. 
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circumstances how important is the co-operation 
between designer, forgemaster and machiner, we 
shall realize that the conditions of delivery by the 
manufacturer to the client largely depend on 
understanding on both sides that the best drop 
forging can only result from a joint effort. Hence 
it is absolutely necessary to found this under- 
standing in the organization. Otherwise there can 
be danger of the large user of drop forgings tending 
to erect his own forge; he is of the opinion that the 
co-operation between the three participants is then 
easier, but he forgets that he must dispense with 
the special experience of those who, year in year 
out, have been concerned with nothing but the 
manufacture of drop forgings for very varied 
purposes. 

This impression will be emphasized if we con- 
sider the special requirements which result from 
the individual manufacturing processes. 


SPECIAL REQUIREMENTS FOR INDIVIDUAL FINISHING 
PROCESSES 

Turning The additional machining allowance 
shall be so dimensioned that, at the most, two 
machine cuts are necessary. With parts which 
are to be hardened, the decarburized surface zone 
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(0-1 . . . 0-3 mm), if present, must be removed 
with a single cut. Despite mis-matching, the 
turning tool must not just scratch the surface. 

Mis-match and flash must be kept small, other- 
wise a serious variation of depth of cut, and thus 
the cutting force, will result; owing to the elastic 
resilience, this produces deviations from roundness 
of the machined item. Further, mis-match in the 
case of normal three-jaw chucks causes the work- 
piece not to lie in the axis of rotation. 

Long turned parts, ie those which are turned 
between centres, must be tested for truth and, if 
necessary, straightened before centring. There is, 
for example, a difference whether an item is to be 
machined in a normal lathe or in a profile lathe; 
if the machining is automatic, then all these details 
must be carefully arranged in advance and all 
dimensions reliably maintained. In the first case 
one can machine the corners first, in the second case 
this is difficult. Aids forged on to the billet, eg 
centring eyes or flat tangs, assist the machining. 
With complicated forgings, before fixing the 
material allowances and the forging tolerances, one 
must know by what surfaces the forging is to be 
fixed in the jig and what is the order of machining.®: * 

Short machined parts are those which are turned 
in a chuck; these can often be grouped simply by 
providing the billet with an extension piece to 
suit the jig. Often the flash produces difficulties 
in holding, and it may be helpful to move the die 
joint. 

Short turned items are usually held against one 
side. Their variations in thickness as a result of 
the wear of both halves of the die is therefore 
carried to the open side (fig 15). On this, therefore, 
first a thick, and then a thin cut is taken, on the 
opposite side only a thin cut; it can indeed be that 
at one point (A) the die is less worn and the work- 
piece is no longer cut. Hence it is often necessary 
to remove the workpieces during the process of 
manufacture and to correct them. 

Boring To assist boring, surfaces which must 
be bored obliquely should have auxiliary surfaces 
upset on them which are at right-angles to the 
direction of boring. 

Surfaces where the boring tool has material on 
only one side can be reinforced by additional corners 
which prevent the displacement of the tool; this is 
advantageous even if these must subsequently be 
removed. 

Milling is the first operation if the milled surface 
serves as a reference surface for other surfaces. 
More often milling is a second operation after 
boring. The surface to be milled then sets the 
second plane of the workpiece. 

It is true that cold stamping has obviated milling 
for many small parts, since the accuracy of stamp- 
ing corresponds approximately to that of milling; 
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this is, the more stages of forging which can be 
used, and conversely (fig 9). 

In respect of deviations of shape, the mis-match 
plays the main role; the author has previously 
reported on this! In the meanwhile, forging 
machines, in particular hammers, have been made 
with much stiffer frames and more accurate 
guides* so that it has become easier to maintain 
small mis-match tolerances. 

Under deviations of shape, we would also list 
flash which, for example, occurs with a new die 
(fig 10) if the trimming tool corresponds to the size 
of a worn die. The forged pieces must also be 
tested with respect to insufficient forging; it is well 
known that this can occur if the billet was placed 
in the die too cold, or if it was inaccurately inserted, 
or if the billet was cut off too short. 

Thin forgings easily distort; they must be 
straightened and tested for straightness. 

Deviations of position, eg of eyes with respect to 
one another, can likewise be produced by distortion ; 
also by thermal stresses which occur on cooling or 
by stresses which occur on hardening, and can be 
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the subsequent cause of non-permissible bending. 
Under certain circumstances, a straightening in the 
cold condition is permissible; fig 11 shows what 
difficulties can otherwise occur during machining. 

The following surface defects can occur: 

gross roughness as a result of heavily worn parts 
of the die, 

laps, as a result of inaccurate forging, 

marks from pick-up of loose scale (fig 12). 

These faults are important for surfaces to be 
machined only if these serve for setting position 
before commencing machining; for example, 
surfaces which result from seriously worn parts of 
the die are unsuitable for this purpose (fig 13). 
Here again, co-operation between the designer and 
the forgemaster is important; the draughtsman 
should indicate setting and reference surfaces on 
the forging drawing so that attention may be paid 
to them during forging. 

Also in respect of holding against surfaces having 
die draft the supplier can produce usable forgings 
only if he is informed of these facts (fig 14).4 

Having established repeatedly from the above 
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mation resistances BA and B’A’, and therefore the 
amounts of work expended, OAB and OA'B’, will 
be rather different. The stamp S (fig 185) must 
therefore have an adequate spare working capacity; 
this effects an elastic deformation of the anvil A of 
height H. Since the spare working capacity of the 
stamp varies, the height H also varies, and thus the 
height A of the workpiece varies. This, however, 
also springs back differently, namely, according to 
fig 18a by BC and by B’C’; unfortunately, these 
two influences add. Furthermore, the surfaces F, 
and F,, give elastically. Whether two eyes, E, and 
E,, are to be at an equal height will depend on 
whether both are forged to the same extent and 
whether they are symmetrical to the central axis 
of the machine so that the stamp S has no turning 
moment. 

It is not at all easy to achieve high pressing 
accuracy, but it is possible if the above points are 
taken into consideration. 


References 

1) O. Kienzle, ‘ Tolerances in drop forging,’ 
Oct 1953, 20 (97), 441-446 

2) Portevin, Raison, Chapon, Masse and —, 
der Halbfabrikate,’ Microtecnic, 1953, 7 (6), 298 

3) O. Kienzle and R. Meier, ‘ Die Ww heehee fir Gesenk- 
schmieden, Werkstattstechmk und Maschinenbau, 1957, 47 (12), 
709-716 

4) K. Lange and H. K. Kemna, ‘ Probleme beim Vorbereciten und 
Spannen von Gesenkschmiedesticken beim Abspanen,’ 
Werkstattstechmk und Maschinenbau, 1956, 46 (9), 434 

5) K. Schreyer, ‘ Werkstiickspanner (Vorrichtungen).’ Springer- 
Verlag, Berlin, 1949 

6) E. Ziegener, ‘ Berechnung und Konstruktion von Vorrichtungen.” 
Verlag Technik, Berlin, 1954 

7) QO. Kienzle, ‘ Die Entwicklung der Werkzeugmaschinen und das 
Gesenkschmieden,’ Indusrrie-Anzeiger, 1958, 80. 


Metal Treatment, 


*Das Problem 


three standard hammers which give blows at the 
rate of 500/min. The work-piece, gripped in a 
vice, revolves at 46 rev/min and moves vertically 
between the hammers to give the forged length 
required. Control of diameters and lengths is 
effected by means of stops fitted on drums in a 
similar way to that used on turret lathes. The 
forging cycle is fully automatic and is hydraulically 
driven. The standard hammers of very simple 
design allow of all rounds being forged between 20 
and 86 mm diameter (} in.—33 in.). For blanks 
can be used bars up to 100 mm (4 in.) dia. Forgings 
can be made up to 1,100 mm (44 in.) long and, 
with special templates, tapers can be forged up to 
3° taper. 

The increasing use of expensive high-alloy steels 
in all branches of industry makes it of prime 
importance to economize in steel. The arguments 
detailed above suggest that turning will be done 
more and more with work-pieces rough forged on 
semi-automatic machine for forging cylindrical 
parts. 

Société des Usines de Lows de Roll (France), 
8 rue Cimarosa, Paris, 16¢e. 
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Forging cylindrical parts 
THE INTENSIVE DEVELOPMENT of machine tools 
during recent years is remarkable for the extended 
production now possible in sizes previously un- 
dreamt of. The power of these machines and the 
cutting-speeds now attained make it possible to 
reach very high production figures. 

But when we consider particularly the question 
of turning we find that the following difficulties, 
inherent in this method of machining, have still 
not been solved: (1) Wastage of metal, which has 
even increased, and requires a special service for 
Temoving cuttings; (2) necessity for a large stock of 
‘steel of all sizes; and (3) the fibres of the metal 
are cut, thus reducing the tensile strength of the 
work-pieces. 

In order to allow a rational use of present methods 
gf turning, the above difficulties must be eliminated 

r at least reduced. The solution would seem to 
lie in the use of work-pieces roughed out by forging, 
but the usual methods of forging, in their turn, 
show the following drawbacks, which limit their 
application: (1) Forging dies are very expensive 
and can only be justified if large quantities of parts 
are required; (2) machining of forgings is generally 
difficult, since out-of-rounds, irregular tolerances 
and cutting off fashes reduce very notably the life 
of the cutting tools. 

As a solution of this problem it is clear that the 
production of a semi-automatic machine for forging 
cylindrical parts can be considered an important 
technical advance. This machine makes an appreci- 
able reduction in the usual troubles met with both 
in turning and forging, as detailed above. It fulfils 
the conditions required to make it the indispensable 
auxiliary of high-production turning. 

Production with this machine gives the following 
advantages: Forging is done to within plus or 
minus 0-3 mm (j{ in.), which is equal to rough 
machining and makes a definite saving of steel. 

Bearings are perfectly concentric and parts are 
perfectly round, thus allowing of minimum toler- 
ances and easy and regular machining. 

Very short forging times: forging passes are 
made with steps of 1-5 to 4 mm ( ,4in.—., in.)/min. 

Standard hammers are used for forging all 
diameters, thus reducing tooling costs toa minimum. 

Time for setting and starting machine is very 
short, being about the same as for a turret lathe. 
Owing to this fact, small runs of parts can already 
be forged with advantage on this machine. The 
machine works automatically and the task of the 
operator is limited to putting the blank into position 
and withdrawing the work-piece after forging, as 
well as controlling production. 

The semi-automatic machine for forging cylin- 
drical parts, type SFR 363, works by means of 
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Fig 8 
Coming of drop forging to size 


however, in most forges there is yet no accurate 
coining press. 

For the machining of crankshafts, the crankshaft 
lathe and the crankshaft journal milling machine 
are in competition. In the latter, the sensitivity 
concerning excess material is slight in the axial 
direction, since this only affects the width of the 
milling cutter and scarcely influences the cutting 
speed and the feed. In the circumferential direction, 
too, errors such as lack of roundness, mis-match 
and eccentricity are far less important than with 
a lathe, ie milling does not require so high an 
accuracy of forging.’ 

This is still more valid for milling to length, 
which among others occurs with long turned items. 
The double spindle milling and centring machine 
(fig 16) brings the forging to exact length and pro- 
vides it with a correctly dimensioned centre. One 
is therefore relieved of the need for tolerance of 
the total length; it is immaterial to the milling 
machine whether it removes 2 mm or more cut. 

Broaching The ideal first operation with drop- 
forged items is the external broach; it is a mass 
production method which suits the mass production 
of drop forgings. In many cases it has replaced 
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milling. Despite higher investment and tool costs, 
this method is economic, since it provides rough 
machining and fine machining in one stroke. 

Here it is important to maintain the machining 
allowances and forging tolerances as small as 
possible, since the number of teeth of the broaching 
tool, and thus its length, and the size of the machine, 
depend directly on the thickness of the layer to be 
removed. 

For the machining of round parts, e g gear blanks, 
the internal broaching can also be done economically 
if the hot-pierced forging has a hole which is 
central and is cylindrical within small diametrical 
tolerances. 

From this section it is very clear that the require- 
ments in practice will not be met if one has only 
one or two series of tolerances for drop forgings. 
Their number must be much larger according to 
the general scheme of I.S.A. Tolerances. For 
every shape, every quantity and every method of 
machining, the most favourable tolerance must be 
found. The economic criterion is always that the 
sum of the forging costs plus machining cost 
should be kept to the minimum. The individual 
drop-forging firms must then become accustomed 
to supply forgings to different users with a different 
series of tolerances according to the purpose. 
Conversely, a firm which obtains the same or 
similar forgings from different drop forges will 
expect them all to work inside the same tolerances. 


Improvement by cold pressing 


As earlier we drew attention to cold pressing as 
a competitive method of drop forging, we will 
here consider it as a combination with drop forging. 
Eyes can be given so good a surface by cold pressing 
that subsequent machining is superfluous; also 
accuracy of dimensions between pairs of surfaces 
can be obtained. If this is so, then cold pressing 
is much cheaper than turning or milling, and even 
cheaper than broaching. The fixing problem is 
obviated; the tool consists only of an upsetting 
stamp with one flat surface and is therefore cheap, 
and the working process requires only a few seconds. 
Therefore it is often advisable to press only the 
surface of the forging by which it is held in the jig. 

The machine required for cold pressing is either 
a spindle press or a drop hammer. Forges are 
well accustomed to both. It is therefore reasonable 
that they rather than the machining shop should 
carry out the operation of cold pressing and hence 
supply ‘ drop forgings with cold-pressed surfaces.’ 
Some examples are shown in fig 17. 

The accuracy of thickness depends on several 
influences. Firstly, the thickness of the forged 
item is predominant; if it varies, so that a piece 
must be upset to the amount of <, = OB (fig 18) 
and another to that of «, = OB’, then the defor- 


So Mies RE 





= 
4 
+ 
: 


i aS 





august, 1958 323 


Series on heat treatment 





metal treatment 
and Drop Forging 


Controlled atmospheres 


P. F. HANCOCK, BA, FIM 


The composition, properties, methods of generation and applications of both protec- 
trve and chemically active controlled atmospheres were discussed by the author at 
the heat treatment of steel lectures given at the Wolverhampton and Staffordshire 


College of Technology. 
journal. 


A CONTROLLED ATMOSPHERE may be defined as a 
furnace atmosphere whose composition and dis- 
tribution are deliberately controlled, with a view to 
producing a desired effect on the material being 
treated. As so defined, controlled atmosphere 
applications fall broadly into two classes: 

a) Protective, in which the objective is to prevent 
or minimize oxidation, decarburization or other 
chemical change in the surface of the metal being 
treated, examples being bright annealing and 
normalizing of ferrous and non-ferrous materials, 
bright or clean hardening and tempering of steels, 
atmosphere annealing of blackheart malleable. 

b) Chemically active, in which a desired chemical 
change is brought about in the surface of the 
material or throughout its section, examples being 
carburizing and carbonitriding of steel components, 
decarburization-annealing of whiteheart malleable 
iron castings, and gas descaling of hot-rolled steels. 
Also properly included in this class are many other 
processes, such as nitriding, chromizing and bulk 
reduction of oxides for production of metal powders. 

A few bright-annealing operations, and some 
hardening operations can be carried out in direct 
gas-fired furnaces, where the products of com- 
bustion form the atmosphere, provided this is 
controlled in a suitable manner. But most processes 
in both classes demand the use of a gas-tight 
furnace or muffle, from the chamber of which air, 
or combustion products resulting from the heating 
operation, are excluded, and into which a gas 
mixture of predetermined composition is inserted. 
This requirement restricts the furnace types which 
can be used to (a) externally heated muffle, 
(b) electric and (c) gas-fired radiant tube. 

Controlled atmosphere processes of all types are 
rapidly gaining in favour today in the metallurgical 


This is the seventh of these lectures to be published in this 
Mr Hancock is techmcal director, Birlec Ltd 


industries, replacing the older processes involving 
open furnace treatment, and packing processes such 
as box carburizing. 


Composition and properties 

Controlled atmospheres consist generally of mix- 
tures of gases, containing some or all of the con- 
stituents N,, H,, H,O, CO, CO,, CH,. Traces of 
free oxygen and sulphur compounds are often also 
present as impurities, the quantity tolerated 
depending on the particular conditions of treatment, 
and the material being processed. Ammonia may 
be added, when nitriding or carbonitriding is to 
be carried out. 

The properties of atmospheres depend on the 
proportions of these various gases, and more 
particularly on the relative proportions of the 
chemically active constituents. 

Thus, in processes where protection against 
oxidation is the only consideration, ¢.g. bright 
annealing of low carbon steels, the important 
reactions are : 


M + H,O = MO + H, 
and M + CO, = MO + CO 


The equilibrium constants of these reactions are 
respectively : 
pH, pCco 
K, = —andK, = — 
pH,O pco, 


Thus, the oxidation/reduction potential depends 
on the ratios of percentage H, to percentage water 
vapour, and percentage CO to percentage CO,, 
the actual required ratios depending on the oxide 
dissociation pressure of the particular metal (or 
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High-strength bolts 


New fasteners 
for high-temperature applications 


STEEL BOLTS that can hold together aircraft structures 
at 900°F and permit major advances in high- 
temperature structural design in other fields have 
been introduced by Standard Pressed Steel Co, 
of Jenkintown, Pennsylvania. Called Hi Tm 9% 
fasteners, they combine exceptional strength with 
temperature resistance. 

At 900°F, the rates temperature of the new bolts, 
the fasteners have a minimum tensile strength of 
170,000 Ib/sq in., which is 50°, more than the 
strength of stainless and alloy steel fasteners now 
used at this temperature. 

Immediate applications for the bolts are to be 
seen in aircraft engines, power plant steam and gas 
turbines, some nuclear and chemical processes, par- 
ticularly those where both high temperature and 
high stress or pressure conditions exist. 

These fasteners may also solve the problem of 
how the piloted aircraft of Mach 3-4 speeds (2,100- 
2,700 m ph) will be held together. Skin tempera- 
tures at these speeds are too high for conventional 
high-strength aircraft bolting. 

The company’s development work on Hi Tm 9, 
which included the most extensive elevated tem- 
perature study of fasteners to date, indicates that 
1,200 F fasteners with equally remarkable, though 
somewhat lesser, strength will soon be produced. 
Initial fasteners, called EWB Tm 9, are a 12-point 
external wrenching type of aircraft tension bolt used 
for airframe fastening. Diameter sizes will range 
from } to 1} in. 


Hot-work die steel 


The new fasteners are being made from VascoJet 
1000, a 5°,, chromium hot-work die steel produced 
by Vanadium-Alloys Steel Co, of Latrobe, Pa. The 
hot-work steels have been used for years as tool and 
die material in hot forging and extrusion presses 
and similar equipment. VascoJet 1000 is a modi- 
fication of a popular hot-work steel, called Hotform, 
that Vanadium-Alloys developed 24 years ago. The 
bolt material was selected after a year’s research, 
in which metallurgists evaluated many likely high- 
temperature metals. 

Tests on the EWB Tm 9 fasteners show that from 
an initial room temperature tensile strength of 
220,000 Ib/sq in. the fasteners still have a minimum 
of 170,000 Ib sq in. at 900°F. Similarly, room tem- 
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perature shear strength of 140,000 drops only to 
100,000 Ib'sq in. at 900°F 


The tensile strength of Hi Tm bolts at 900°F at 
170,000 Ib/sq in. is at least 50°,, greater than the 
typical tensile values of 95-100,000 Ib/sq in. for 
the stainless steel bolts and 110-120,000 Ib/sq in. 
for the alloy steel bolts used at these temperatures. 
The strongest bolts now used in aircraft have a 
minimum tensile requirement of 160,000 Ib/sq in. 
and a shear strength requirement of 95,000 Ib/’sq in. 


The SPS Laboratories’ report reveals equally 
favourable results for the new bolts in stress-rupture 
tests and in fatigue, shear and tensile strength tests 
conducted both at elevated temperatures and at 
room temperature after soaking at elevated tem- 
perature. The temperature stability of the bolts was 
indicated by full retention of room temperature 
tensile strength of 220,000 lb sq in. even after 
100h soaking at 900 F. 


Features of the new bolts contributing to their 
extra strength are: (1) A new design in the Hi R 
thread with larger than normal radius in the root 
of the thread which S P S developed last year for its 
Hi Psi fasteners. The larger root radius reduces 
stress concentrations at the weakest point of the 
thread. 


2) Diffused nickel-cadmium plating used instead 
of the conventional cadmium. This provides good 
corrosion and oxidation resistance up to 1,000 F. 

3) A special 12-point external wrenching Flexloc 
locknut for the EWN Tm 9 nut that develops the 
full mechanical properties of the bolt both at room 
and elevated temperatures. 


TasLel EWB Tm 9 bolt 





Tested at 
Room roomtemp Tested 
tem- after 100-h at 
perature soaking at 900°F 
900 °F 
Ultimate tensile 
Ib sq in. minimum. 220,000 220,000 170,000 
Yield strength 
Ib 'sq in. minimum... 185,000 185,000 140,000 


Elongation in 4 dia 
®, minimum (speci- 
men : x 10 10 16 
Reduction of area 
°, Minimum (speci- 
men nde - 35 35 50 
Shear strength 
Ib/sq in. minimum. . 
Stress rupture 
Ib sq in. for 100-h life 
Fatigue strength 
Ib sq in. at 8,000,000 
cycles 10°, pre- 
load ie .. » 80,000 
Impact strength 
ft Ib (Charpy) = 18 18 23 


140,000 140,000 100,000 


130,000 


55,000 80,000 
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(1) EXOTHERMIC GENERATORS By partial com- 144— 5% CO, 

bustion of town’s gas, or other hydrocarbon- 1 — 14% CO 

containing fuel gas, at combustion ratios between 1 — 18°, H, 

55°,, and 98°., of complete combustion, in a com- 0— 2°, CH, 

bustion generator, followed by condensation of Bal. N, 


excess water vapour, a range of atmosphere com- 
positions can be produced between about the 
following limits: 


In the simple generator (fig 1), the water vapour 
content depends on the temperature of the con- 
denser cooling water, and may correspond to a 


Senna, GOS OS Ge Cee Dene a, Refrigerators 
] | and or dryers may be added to the plant to give dew- 
ome | 0 =15 | | points down to —40°C DP or lower. 

N00 ta = Gn Ge Ge Ge On| The reactions are exothermic, giving sufficient 


heat to maintain the reaction chamber temperature 
at the required minimum level of about 900°C. 
These atmospheres have a wide range of uses, in 
bright annealing non-ferrous metals and low- 
carbon steels, also furnace brazing and sintering. 
One or two stage sulphur removal is usual for non- 
ferrous applications but is rarely necessary for 
steels. These atmospheres have a low-carbon 
potential, due to the CO, content, thus they cannot 
generally be used where decarburization is of 
importance. To render non-decarburizing, the 
CO, must be removed as well as water vapour. 
Plant is available for this, using a regenerable 
solvent (diethanolamine), but is somewhat complex 
and costly, being generally suitable for fairly large 
installations only. 


(ii) ENDOTHERMIC GENERATORS Reaction of 
hydrocarbon-containing fuel gases with air at 
Bos eee much richer ratios (10—30°,, of complete combus- 

| | r " tion according to the type of gas) can be made to 

] yield a product gas low in CO, and H,O. Sufficient 
air is used only for completion of the reaction: 


RE °C 


TEMPERATU 
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constituent metals if an alloy), and on the tempera- 
ture. It is always safest, in protective applications, 
for the equilibrium conditions to be met. But in 
practice kinetics may be the significant factor, in 
the sense that a composition which is somewhat off 
equilibrium may be tolerable, if the speed of the 
reaction is very slow at the temperature in question. 

At temperatures above about 800°C, equilibrium 
is rapidly established in the reaction : 


CO + H,O = CO, + H, (water-gas reaction). 


Thus, for a given CO/CO, ratio, the H,/H,O ratio 
will automatically adjust itself by the above reaction. 
It is often sufficient in practice, therefore, to control 
only one of these two ratios. 

In processes on ferrous materials, in which car- 
burization or decarburization or their prevention 
are involved, it is necessary to consider also the 
reactions: 


2CO + 3 Fe = CO, + Fe, C (carbon in 
solution in iron 
and CH, + 3Fe=2 H, ? Fe, C ( ” ” ” 
for which the equilibrium constants are: 
p°CcO pCH, 
3 ee 4 sae os nna 
pco, pH, 


It must be noted that these constants involve the 
second power of the CO content, and the hydrogen 
content respectively. In assessing the carburizing 
decarburizing action of an atmosphere, or the 
* carbon potential,’ as it is called, therefore, it is not 
enough to consider the ratio of CO to CO,, or CH, 
to H,. The total concentrations must also be taken 
into account. 


Water vapour is also decarburizing by the reaction 
H,O + Fe, C = H, + CO + 3 Fe 


but for reasons already discussed (water gas 
reaction), at higher temperatures this reaction need 
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not be considered separately. At temperatures in 
the range 700—750°C, however, it is important. 

Other reactions which must sometimes be 
considered are: 


2 CO — CO, 
and CH, —> 2 H, 


which may be important from the point of view of 
soot deposition, particularly in the presence of 
surfaces which have a catalytic influence on the 
reactions. 


C (soot) 
C (soot) 


Sulphiding reactions such as: 
HS + M--H,+ MS 


may also be significant when using an atmosphere 
contaminated with sulphur, though of practical 
importance only with regard to non-ferrous 
materials, 


This is intended as only a brief introduction to 
the chemistry of controlled atmospheres. More 
detailed information is available in various standard 
treatises,!: *, 3 


Methods of generation 

There are four principal sources of controlled 
atmospheres: (a) Town’s gas, or other fuel gases, 
b) ammonia, (c) charcoal, and (d) liquid organic 
mixtures (alcohol base, for carburizing). 

The use of vacuum constitutes a fifth pos- 
sibility (e). 

a) Town’s gas, and other fuel gases This cate- 
gory is by far the most important, town’s gas being 
cheap and readily available in most industrial 
localities. Bottled gases such as propane and butane 
form a suitable alternative, generally comparable 
in cost. Atmospheres are prepared from fuel gases 
by various processes of partial combustion, or 
cracking, with or without subsequent dehydration, 
CO, removal or other purification, to give a wide 
variety of product gases. 
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A similar range can be derived from methane, 
propane or butane, with slight compositional 
differences. The exothermic type can also be 
derived from kerosene, with the addition of a 
suitable vaporizer to the plant. 


b) Ammonia Anhydrous ammonia is available 
n liquid form in cylinders. By cracking over a 
atalyst (iron at 560°C, or nickel at 900°C), it can 
be split into its constituents: 


2 NH, > N, + 3H; 

The gas as cracked has a dewpoint below —60°C 
and negligible impurities. The very high H,/H,O 
ratio gives maximum reducing power. 

By partial combustion of either the raw ammonia 


r the cracked gas, a product of lower H, content 
an be obtained: 





2 NH, 
N.+3H, 4N,+0O, 5N,+H, 
t > + [2 H,O} 
] pt ] pt air 1} pts product 
17°, H, 


9 RIGHT Continuous stainless strip 
annealing furnace 
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Dryers are necessary to give a high H,/H,O ratio 
in this case. The H, content can be varied between 
about 2°,, and 20°, by alteration of the combustion 
ratio. A typical plant is illustrated in fig 6. 

Atmospheres from ammonia are of very high 
purity and cheaper than pure H,, except for large 
quantities. The burnt gas forms an alternative to 
purified partially burnt town’s gas for bright 
annealing of strip and wire, and the cracked’ gas is 
useful for bright-annealing stainless steels, sintering 
and other special applications. 

(c) Charcoal Atmospheres may be produced 
from charcoal by combustion with air or flue gas. 
With air, the product is of composition: 


28 — 30°, CO 
3— 1%, CO, 
2— 8% H, 

Traces CH, 


If dried, this gas is of moderately high carbon 
potential, but the required plant (fig 7) is cumber- 
some to operate and the product somewhat variable 
in composition. Charcoal plants have been largely 
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5 Diagram of atmosphere compositions 


from town’s gas 
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A typical composition derived from town’s gas 
is: 48°,, H,, 22°, CO, 1—2°, CH,, with 0—1°, 
co,, DP —I15°C to +20°C. The reaction is 
exothermic, but insufficiently so to maintain the 
reaction temperature. The plant, therefore, 
consists primarily of an externally heated retort and 
for this reason is termed ‘ endothermic.’ A metal 
catalyst, usually nickel on a refractory carrier, 1s 
used to promote the reactions at as low a tempera- 
ture as possible (1,000—1,100°C). The essentials 
of the plant are illustrated in fig 2. 

This atmosphere has a high carbon potential, 
adjustable by variation of gas : air ratio. The carbon 








potential is inversely proportional to the CO, con- 
tent or dewpoint, and control may be exercised by 
measurement of either of these quantities, as 
illustrated in fig 3. 

The endothermic generator finds a wide range of 
uses for heat treatment and brazing of carbon steels 
without decarburization, also for sintering applica- 
tions, and as a base gas for gas carburizing and 
carbonitriding operations. An installation of two 
2,000 cu ft h generators, operating from propane, 
is illustrated in fig 4. 

The whole range of atmospheres which can be 
produced from town’s gas is illustrated in fig 5. 


6 LEFT Ammonia burner plant 


7 BELOW Charcoal generator 
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continuous bright hardening, employing this atmo- 
sphere is illustrated in fig 10. 

For tempering operations, it is often unnecessary 
to employ atmospheres if the treatment temperature 
is low. If, however, it is desired to obtain a clean 
blue or black finish with tempering in the range 
550—700°C, either the exothermic type or pure 
steam may be employed. 

Furnace brazing For brazing of mild-steel 
assemblies a rich exothermic atmosphere is satis- 
factory. On high-strength carbon and alloy steels, 
however, where it is desirable to avoid decarburiza- 
tion, the endothermic type is preferred. Furnaces 
employed are usually of the continuous wire-mesh 





12 aBove Pit gas-carburizing 


furnaces 


13 RIGHT Continuous gas-carburizer 
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belt conveyor type as illustrated in fig 11. Stainless 
and heat-resisting steels require cracked ammonia, 
pure hydrogen or vacuum treatment in special 
furnaces. 


Powder metallurgy applications Sintering of iron 
and steel powder compacts is usually carried out in 
conveyor furnaces, of generally similar type to that 
illustrated in fig 11. Atmospheres must be of high 
reducing power, ie high H, : H,O ratio, and the 
choice is between cracked ammonia and endo- 
thermic, the latter being preferred when decar- 
burization is to be avoided. 


Gas carburizing, carbonitriding and related pro- 
cesses All processes in this category require an 
atmosphere of very high-carbon potential, in order 
to provide the driving force for the carburizing 
reaction. It is also desirable, particularly for 
medium and deep case carburizing operations, that 
the carbon potential should be adjustable to a lower 
level, to permit diffusion of the case to a controllable 
final carbon content. 


For critical applications, a carrier gas of endo- 
thermic type, with provision for enrichment with a 
hydrocarbon gas—methane, propane or butane—is 
the usual choice. Alternatives which may also be 
employed, particularly for light cases, or where 
surface carbon need not be too closely controlled 
include the ‘ drip feed’ type of atmosphere, where 
the atmosphere is formed directly in the furnace by 
pyrolysis of organic liquid mixtures, usually based 
on propyl or methyl alcohol. Town’s gas, purified 
from objectionable constituents such as free oxygen, 
is also used. For carbo-nitriding operations, any 
of these atmospheres, with the addition of a pro- 
portion of raw ammonia gas, is suitable. 

The more important types of gas-carburizing 
furnace are pit type, horizontal batch, and continu- 
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superseded by endothermic generators for controlled 
carbon potential applications. 

(d) Liquid organics Certain organic mixtures, 
particularly those based on alcohols, may be directly 
pyrolysed in the furnace to yield a gas of very high 
carbon potential, used particularly for gas-carburiz- 
ing processes. The typical reaction may be illus- 
trated in simplified form as: 


C, H, OH 2 CH, + CO 


| 
Propy! alcohol. 


Commercial fluids are mostly based on methanol 
or propanol with addition of a hydrocarbon such 
as benzole or dipentene. 

(e) Vacuum Soft vacuum (5—30 mm) is some- 
times used for bright annealing of steel wire and 
strip in batch-type furnaces. High vacuum (micron 
range) is finding uses in brazing and annealing of 
stainless and heat-resisting alloys, and for sintering. 


Applications of controlled atmospheres 


Some of the more important applications will 
now be briefly described, together with the furnace 
types most commonly employed for the processes 
in question. 

Bright annealing To 


ensure freedom from 


oxidation on plain carbon and low alloy steels, a 
H,: H,O ratio of 3: 1 or higher is necessary. This 
requirement may be met by rich exothermic 
atmosphere, or dried burnt ammonia, which are 
commonly used for bright annealing of low carbon 
steel products of mild and deep drawing types, in 
batch furnaces of pit or bell type (fig 8) and con- 
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tinuous furnaces of roller hearth and other types. 


For processes involving long time cycles, e.g. the 
annealing of heavy coils and sheets in very large 
bell furnaces, a more nearly neutral atmosphere 1s 
generally preferred, to avoid blueing, etching or 
other surface effect during the long cooling cycle. 
For this purpose, lean exothermic atmosphere with 
the CO, and water vapour removed down to low 
levels is employed. The latter atmosphere is also 
used for carbon and alloy steels when decarburiza- 
tion must be avoided. 

High-chromium steels of stainless and heat- 
resisting types form a special category, requiring a 
very high H, : H,O ratio to avoid formation of a 
surface film of chrome oxide. Carbon-containing 
gases must also be absent. Cracked ammonia or 
pure hydrogen of low dewpoint are generally 
employed, and to ensure maintenance of the 
required atmosphere purity in the furnace, the 
latter must usually have a metallic muffle forming 
the treatment chamber. A continuous pull-through 
furnace of this kind used for treatment of stainless 
steel wire or strip is illustrated in fig 9. 


Heat treatment For hardening of carbon and 
alloy steel components, atmospheres of exothermic 
type are generally unsuitable, unless some degree of 
either oxidation or decarburization can be tolerated. 
To obtain true bright-hardening with complete 
absence of decarburization, endothermic atmos- 
phere, with the carbon potential adjusted to suit the 
carbon content of the steel and the temperature of 
treatment, is the best choice. 
furnace of shaker-hearth 


A small type, for 


10 LeFT Shaker-hearth bright-hardening furnace 
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Tue US NATIONAL BUREAU OF STANDARDS has 
recently developed an accurate method for measur- 
ing the effect of slack-quenching on the impact 


resistance of steel. (A slack-quenched steel is one 
that is cooled too slowly from its hardening tem- 
perature to ensure maximum hardness throughout. 
This effect cannot be avoided in unalloyed steel 
parts having large cross-sections because heat can- 
not be withdrawn from the interior fast enough to 
effect complete hardening. Thus microstructure 
and mechanical properties vary continuously 
throughout the metal.) Devised by M. R. Meyerson 
and S. J. Rosenberg’ of the Bureau’s thermal 
metallurgy laboratory, the procedure uses a Charpy 
(V-notch) impact specimen which has been immer- 
sion end-quenched. The quenching forms a series 
of planes having different but predictable micro- 
structures and hardnesses depending on their 
distance from the quenched end. The depth of 
immersion and type of quenching medium used 
are predetermined from data obtained from an 
end-quenched Jominy specimen of the steel under 
study. 

Little information has been available on the 
properties of slack-quenched steels. Consequently, 
manufacturers often substitute deep hardening 
alloy steels for the less expensive carbon steels to 
avoid risk. The Bureau’s method of controlled 
slack-quenching should help to determine in what 
circumstances slack-quenched steels may be used. 
The method should lead to a broader understanding 
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Controlled 
slack-quenching 


An experiment being carried out at the metallurgical 
laboratory, U S National Bureau of Standards, in 
which an impact specimen just removed from furnace 
is held at opening in quenching fixture 


of the impact properties of steels as affected by 
microstructural variations, and may contribute to 
important savings in critical materials by reducing 
over-design. 


Relationship with Jominy specimens 

It was reasoned that impact specimens having 
slack-quenched structures might be prepared in 
a manner similar to that of Jominy specimens. 
A Jominy specimen is hardened by a jet end- 
quench. In theory it contains an infinite number 
of parallel planes and, assuming no surface cooling, 
each plane is cooled at a constant rate decreasing in 
speed with increasing distance from the quenched 
end. As a result, each plane has a different hard- 
ness and microstructure. A series of quenching 
and hardness tests were made on end-immersed 
impact specimens and Jominy specimens of the 
same steels. The microstructure and hardness 
existing at selected distances from the quenched 
ends were correlated. The data revealed a distinct 
relationship between hardness and structure at 
specific planes in the two types of specimens. 
These data have been reduced to graphical form for 
easy reference. 

In studying impact properties of slack-quenched 
structures, a standard Jominy bar of the steel under 
investigation is first end-quenched according to the 
American Society for Testing Materials specifica- 
tions. A hardness survey along the length of the 


continued on previous page 
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ous pusher; two of these types are shown in figs 
12 and 13. 


Cost of controlled atmospheres 


The data in Table I will give some guide to the 
relative cost per 1,000 cu ft of the principal types of 
controlled atmospheres, based on an arbitrary 
figure of 100 for town’s gas. 


Taste! Relative costs of controlled atmospheres 





Relative cost 





Type of atmosphere 100 cu ft 

1. | Raw town’s gas 7” a = 100 
2. | Lean exothermic from town’s gas .. 25—30 
3. | Rich exothermic from town’s gas .. 40—50 
4. | Lean exothermic with CO, and H,O 

removed .. ~ a 5 30—40 
5. | Endothermic from town’s gas 80—120 
6. | Cracked ammonia .. me 400 
7. | Burnt ammonia we . 200—270 
8. | Charcoal producer gas 75—100 





Atmospheres of types 2, 3, 4, 5 derived from 
bottled gases such as butane or propane are com- 
parable in cost with the corresponding product 
from town’s gas, where the cost per therm of the 
bottled gas is similar to town’s gas. 


Factors to be considered in application 


In assessing the economics of a controlled 
atmosphere process, in comparison with a corre- 
sponding process carried out in open furnaces, or 
by packing methods, some or all of the following 
factors will need to be considered: (a) Technical 
advantages, in the form of a better or more consis- 
tent product; (6) elimination or reduction of after- 
processes, such as pickling, shot-blasting or finish 
grinding ; and (c) lower heating, labour and material 
costs by elimination or reduction of dead weight. 

Potential savings resulting from these factors 
must be weighed against the cost of the controlled 
atmosphere, and the additional capital expenditure 
for the atmosphere generating plant and the more 
complex furnace equipment generally necessary 
for its use. 
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properties of triple alloy steels (those containing 
small amounts of nickel, chromium, and molyb- 
denum). 

The influence of varying carbon and alloy con- 
tents on the impact properties of slack-quenched 
structures has also been determined quantitatively. 
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Controlled slack-quenching 


concluded from facing page 


specimen is correlated with the microstructures. 
Once the desired hardness or structure is located in 
the Jominy bar and the distance from the quenched 
end established, the graph may be used. For 
example, one might want to study the impact 
properties of a specimen having the microstructure 
that exists 4 in. from the quenched end of a Jominy 
bar. Reference to the graph indicates that an impact 
specimen immersed to { in. in brine will have the 
desired hardness and structure at 1 ,% in. from the 
immersed end. If the specimen is immersed only 
# in., the desired structure will appear at 1} in. 
from the quenched end. In this case, either 
immersion depth may be used, since the notch used 
in impact tests must be located close to the centre 
of the specimen and at least 1-08 in. from the 
quenched end. 

After quenching, the specimens may require a 
low-temperature stress relief (250°F) to inhibit 
subsequent cracking. Then the specimens are 
ground equally on all sides to remove any scaling 
and decarburization that may have occurred. A 
hardness survey made on one face locates the 
desired slack-quenched structure, and a standard 
V-notch is cut into the specimen at that point. 
Finally the ends of the specimen are cut off at 
a distance of 1-08 in. on each side of the notch. 
The impact resistance at that particular plane may 
then be determined by the Charpy impact test. 
Numerous hardness and metallographic surveys 
from centre to surface of impact specimens, after 
removal of the decarburized layer, have established 
the uniformity of hardness and microstructure in 
any plane above the immersion level and parallel 
to the quenched end. 


Preparation of specimens 

In making the impact specimens, they are first 
rough-machined to a size slightly larger than the 
standard impact specimen to allow for scaling and 
decarburization during heat treatment and to allow 
some latitude for locating the notch. One end of 
the specimen is drilled and tapped to accommodate 
a }-in. length of a 1 2-20 screw, 2 in. long. A 
washer, locked in a-selected position by two nuts, 
supports the specimen in a quenching fixture. 
Thus a predetermined length of the specimen may 
be immersed vertically in a brine, water, or other 
quenching medium. The fixture is made of }-in. 
steel plate with drilled holes for eight specimens. 

The method is suitable for the study of tempered 
as well as untempered slack-quenched structures. 

Data obtained by the Bureau’s method have 
established quantitatively the detrimental effect of 
various degrees of slack-quenching on the impact 
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TEMPERATURE IN DECREES CENTICRADS 


1 Graph of bursting pressure of pressure vessel 


required pressures; also this restricted the heat 
conduction along the bomb and reduced its thermal 
capacity, allowing a faster rate of heating. 


The diagram shows the arrangement of the 
bomb and gas system. Machined from a solid 
rod, the bomb (A) had an overall length of 
15 in. and was drilled axially to a depth of 143 in. 
to form a closed cylinder. At the open end the bomb 
had a | in. length of } in. dia B S P thread which 
screwed vertically into the junction block (B), with 
an ‘Amagat ’-type®* seal making a lead-washer joint 
which showed no tendency to leak at 6,000 Ib sq in. 
pressure although the joint was broken each time a 
sample was removed. A hexagonal collar welded 
to the bomb immediately above the threaded 
portion provided a spanner hold for firmly screwing 
the bomb into the junction block. This junction- 
block (B) consisted of a 2 in. dia by 3 in. long bar of 
Nimonic 90, with a machined flat face of 1 in. width 
in the vertical plane. The face had a tapped hole 
with } in. dia BS P thread to hold the pressure- 
gauge (C) which connected with the bomb aperture 
by a ;; in. drill-hole. The outlet end of a needle 
valve (D) was screwed into the junction block end 
face, with access to the bomb. The inlet side of this 
valve was connected by screwed couplings to a 
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nipple brazed into a brass block (E). This block 
acted as a pipe-line connector as well as being a 
means of rigidly clamping the bomb assembly to 
the base of the apparatus. A pipe-connecting 
nipple (F) brazed into the brass block provided an 
entry for gas into the system. This connected to 
the gas cylinder through either the reduction valve 
for lower pressures, or the compression pump for 
pressures above 2,000 Ibsqin. Another brazed 
nipple provided an outlet, through a needle valve 
G), to a rotary pump for evacuating the system 
at the start of an experiment. 


An electrical tube furnace, vertically suspended 
and counterbalanced, could be lowered over and 
around the bomb so that the top eight inches of 
the bomb were in the heated zone. The top four 
inches were at the maximum temperature. The 
temperature was uniform along this length, and was 
measured by a thermocouple secured by a nickel- 
chrome wire to the outside of the bomb at the 
position of the sample. 
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2 Pressure-vessel assembly 


* The inset shows the ‘ Amagat’ seal. A Nimonic insert (a) 
fits into the bore of the bomb and the counterbore (b) of the 
junction-block with 0-001 in. clearance. A drill-hole 
through the insert provides for flow of gas. Pressure on the 
lead washer forces it to squeeze against the counterbore 
wall, thus sealing the joint. Increased pressure improves 
the seal 
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An apparatus for heating small samples 


to elevated temperatures at high pressures 


J. FENNELL, N. H. HANCOCK and R. S. BARNES 


Atomic Energy Research Establishment, Harwell 


An apparatus incorporating a pressure-vessel capable of withstanding an internal 
gas pressure of 6,000 lb sq in. at a temperature of 950 C is described. Gas from 
cylinders is compressed by a pump to the pressure required, and the high temperature 
obtained by lowering a furnace over the end of the pressure-vessel which contains 


the sample 


THE APPARATUS WAS ORIGINALLY BUILT for a study 
of the effects of pressure and temperature on gas 
bubbles and voids contained in solids. Although 
designed for this specific purpose the apparatus 
may be of use for the study of the effect of tempera- 
ture and pressure upon reaction rates, solubilities, 
and physical properties of materials in general. As 
the pressure is applied by compressed gas it is 
hydrostatic, which very often has great advantages 
over pressure produced by a die-and-plunger 
method. 

Although argon was chosen as the most suitable 
gas for use in the experiments, almost any other gas 
or even a liquid could be used provided there is 
no attack on the sample or the apparatus assembly. 
For normal requirements inert gases are preferable 
since they do not chemically attack materials; with 
gases such as oxygen or hydrogen safety pre- 
cautions must be more stringent, because of the 
explosive risk involved. 

Gas at pressures up to 2,000 Ibsq in. was 
supplied from a cylinder and regulated by a reduc- 
tion valve; above 2,000 lb/sq in. the gas was com- 
pressed by a motorized piston-pump of robust 
design. This pump, having a compression ratio 
of 4:1, could easily compress to 6,000 lb/sq in. 
within its own cylinder, but three strokes of the 
piston were necessary to provide a pressure of 6,000 
Ib/sq in. in the pressure-vessel assembly. The 
total volume of gas was kept to a minimum by using 
} in. bore copper tubing in the pipeline, reducing 
the vacant space in the valves with brass inserts, 
and filling the blank space in the pressure-vessel 
with an alumina rod. Pressures above 6,000 Ib sq in. 
could not be reliably attained because at this 
pressure the pump valve seatings developed leaks. 


Description of apparatus 


The pressure-vessel, hereafter designated the 
* bomb, ’ designed for operating at pressures 
up to ¢ lb sq in. and temperatures up to 
1,000 °C, uirements calling for a vessel made 
from a 1 which would have a very low creep 
rate at t! iximum test conditions and be highly 
resistant rrosion. An alloy with the registered 
trade mark “ Nimonic 95” was chosen and the 


bomb designed on creep rupture figures supplied 
by the manufacturers', using the formula 


P R a r2 

, rR? i r? 
which relates the maximum allowable hydrostatic 
pressure (/) within an infinite cylinder to its 
external and internal radii (R and r respectively), 


S being the maximum allowable fibre stress of 
the material of the cylinder at a given temperature. 
An internal diameter of ~ in. and minimum wall 
thickness of 0-395 in. gave a design value for P 
of 12,200 Ib sq in. at 900°C and 9,400 Ib/sq in. at 
925 C. Creep figures above this temperature were 
not available but short-term tensile stress values 
for 1,000°C were used for design purposes, giving 
a bursting pressure (P») of 9,800 Ib/sq in. based 
on the formula P,R TS where T is the wall 
thickness, S the allowable tensile stress and R 
the external radius of the cylinder (fig 1). 

X-ray photographs of the bomb were taken from 
three positions to check the concentricity of the bore, 
measure the minimum wall thickness, and examine 
the material for possible flaws. 

The bore of the bomb was kept small in order to 
reduce the wall thickness necessary to contain the 
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Metallurgical and mechanical aspects 


K. G. LEWIS, M Sc, FIM 


The various expressions used in the study of surface finish are described, together 
with the more important machine and material variables which affect them. Par- 


ticular attention is paid to chip formation and its influence on surface finish. 


The 


effect of metallographic structure is examined at length owing to its bearing on the 


formation of built-up-edge. 


Investigations into the mechanism underlying the 


formation of ‘ smear metal’ are described and the various means for its removal 
compared, the comparison including an examination of the effect of cold-working 


on surface fimsh. 


This article by Mr Lewis, Principal of the Technical Colleges 


West Bromwich, will be concluded next month 


WHILE A NUMBER OF RELATIONSHIPS have been 
established regarding surface finish, information 
relating generally to the subject is qualitative and 
concerned in the main with the effect of certain 
variables. The importance of surface finish and the 
effect of the properties of the material upon it have 
been emphasized by a number of authorities, but, 
in general, the same result cannot be achieved on 
different materials by any particular set of machining 
conditions and some metals can be brought to a 
high-quality surface finish more easily than others. 
Further, no assessmeng is normally made in machin- 
ing calculations. The main considerations for 
maximum output are tool life and power con- 
sumption and these are affected particularly by 
machining variables, so. that adjustment of the 
latter is the usual solution to production require- 
ments. The qualitative aspect of surface finish is 
revealed by the fact that it is only at this late stage 
that further adjustment is made in the event of 
surface finish being unsatisfactory. At the same 
time, increased knowledge and experience of the 
effects of the operating machine and material 
variables can assist in reducing this somewhat 
random form of approach to a more controlled 
basis, albeit frequently qualitative in character. 
Consideration of the instruments available for 
measuring surface finish is outside the scope of this 
review, but the great developments made in this 
field, together with the extensive research in the 
subject which has taken place during recent years, 
have now made it possible to define a given surface 
texture by parameters and simple indices. Speci- 
fications have been drawn up in the United States, 
and recently in this country, which give recom- 


mendations for methods of measurement and 
terminology of surface finish. In a proposed 
American standard' it has been suggested that the 
terms indicated in fig 1 be used. When it is remem- 
bered that the surface of an object is defined* as 
the boundary which separates that object from 
ancther substance, each of the terms acquires its 
own individual importance. 

Roughness consists of finely spaced surface 
irregularities (less than ,', inch)—in the present 
consideration, produced by the cutting action of 
the edges of a tool (or, by abrasive grains in the 
case of grinding) and by the feed of the machine 
tool. The average height of surface irregularities 
is a measure of roughness, but not a complete 
specification of the character of the irregularities.* 
Roughness may be considered as being super- 
imposed on waviness and as not theoretically 
affecting the trueness of a surface. Waviness 
consists of surface irregularities which are of 
greater spacing (more than ,\, inch) than are those 
of roughness, such irregularities resulting from 
such items as deflections of the work or of the 
machine, vibrations, etc. Flaws are irregularities 
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Method of test 


The samples were enclosed in tantalum foil and 
held in position at the top of the bomb by the 
alumina rod already mentioned; the bomb was 
then screwed into place in the junction block (B) 
and the thermocouple secured. If the required 
pressure was less than 2,000 Ib sqin. the inlet 
to the bomb system at (F) was coupled to the 
reduction valve and thence to the gas cylinder; the 
cylinder valve was tightly closed, all other valves 
opened, and the system evacuated by a rotary 
pump to 10 microns pressure. The needle valve 
(G) was closed, thus isolating the rotary pump, and 
the cylinder valve opened so that the system was 
flushed with the gas being used. The cylinder valve 
was then closed and the valve (G) partially opened 
to allow the rotary pump to slowly evacuate the 
system. This procedure was repeated, the system 
finally evacuated of any remaining air and gas, and 
the bomb was ready for final pressurizing. This was 
done by isolating the rotary pump by closing the 
valve (G), opening the valve from the gas cylinder 
and releasing gas into the bomb through the reduc- 
tion valve which was adjusted to give the required 
pressure. When the gauge (C) showed this pressure 
in the bomb the valve (D) was closed and the sample 
isolated in the bomb ready for heating under 
pressure. 


Pressures in the range 2,000—6,000 Ib sq in. were 
obtained by connecting the compression pump to 
the system in place of the reduction valve. The 
system was evacuated, flushed, and evacuated 
again; the valve (D) was closed, gas released into 
the system and the inlet valve of the pump and the 
outlet valve of the cylinder closed. The motorized 
pump completed one forward stroke and com- 
pressed the gas in the pump cylinder, the pipeline, 
and the bomb. At the end of its stroke the pump 
automatically switched off and the outlet valve 
was manually closed, leaving the pipeline and bomb 
under increased pressure. The pump motor was 
reversed and the pump returned to its starting 
position. Because of the volume of gas in the 
system, three pump strokes were required to attain 
a pressure of 6,000 Ib/sq in. in the bomb. 


the required tem- 
20 min from the 


The furnace, preheated to 
perature, took approximately 
time it was lowered over the bomb to raise the 
bomb temperature to 1,000°C. To keep the bomb 
pressure constant during this time, any build-up of 
gas pressure inside the bomb had to be released 
carefully through the valve (D) into the rest of the 
system. Conversely, at the end of the test period, 
more gas had to be pumped into the bomb to main- 
tain constant pressure during cooling to room 
temperature. 
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Dependability of the apparatus 


During the construction of the apparatus a main 
difficulty was the prevention of gas leakages at high 
pressures. In the early stages the original needle 
valves, with a metal spindle bearing against a metal 
seating, developed leaks due to scoring of the 
bearing surfaces after being used a few times. 
Replacements of these valves with ones in which the 
joint is made by pressing a non-rotating steel ball 
into a tapered seating overcame this difficulty and 
the valves have since been free of leakage. 

Prevention of leaks from joints in the pipeline 
was partially solved by brazing as many connections 
as possible into the brass block (E). Of the remain- 
ing joints those of the gauge (C) and the valve (D) 
were permanently screwed down very tightly into 
soft washers on bearing surfaces in the junction 
block (B). Thus the only non-permanent joint in 
the bomb assembly was at the bottom face of the 
bomb itself. By employing an ‘ Amagat’ seal at 
this point all leakage from the bomb was obviated 
and pressure could be maintained throughout the 
duration of a test. 

The apparatus has so far been working at 6,000 
Ib/sq in. and 810 C for 540 h and from 1,200 to 
to 2,500 Ib sq in. at 1,000°C for 84 h without any 
apparent increase in the external diameter of the 
bomb. 


References 

1) Henry Wigg . Ltd, ‘Short term creep tests on Nimonic 
95." Supy publication 459A. Table 12A (1956 

2) Bridgman, | *hysics of high pressures,’ 1949, p. 31 


Coil-spring research 

Because of increased competition—rather than in spite 
of it—colaboration in the spring-making industry has 
become more important, especially so far as research is 
concerned. 

This is the opinion of Mr R. Salter Bache, president 
of the Coil Spring Federation who, at the Federation’s 
annual conference at Torquay recently, appealed for 
more members to support the industry’s research 
organization. 

Dealing with the activities of the research organization 
which last year was granted financial assistance by the 
Department of Scientific and Industrial Research for a 
further five years, he said that they were implementing 
the undertakings then given to DS IR by setting up 
new laboratories at Sheffield. 

The first full year of work under Mr R. A. Haynes, 
the director of research, has been completed and a report 
on progress showed considerably increased activity. 

The Technical Committee, under the chairmanship of 
Mr A. V. Jobling, who had recently succeeded Mr Harry 
Singleton, was giving its full attention to improving 
facilities still further. The main points were providing 
facilities for research; planning to operate within the 
limit of the Federation’s income; and endeavouring to 
increase their income. 

More space is now required to accommodate further 
research work, and the Federation is indebted to the 
British Iron and Steel Research Association for its 
co-operation in helping to provide the space. 
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TaBLe I Surface finishes for various applications. 
Aircraft Standards Committee 





Surface 
roughness, 

micro- Production Recommended 
inches, rms method uses 





500 Low-grade machined For secondary parts 
surface not subject to stress 
concentration 
250 Medium-machined For general use 
or very roughly 
ground surface 
100 Smoothly machined For main or highly 
surface stressed parts 
40 Very finely machined | For highly stressed 
or medium-ground parts, such as gear 
surface teeth 
20 Finely ground, | For rotating shafts 
reamed, coarse and bearings 
honed, or lapped 
10 Finest grinding, buf- | For interior surfaces 
fing, honing, or of cylinders 
lapping 
5 Honed, lapped, or For sliding surfaces 


where lubrication is 
not dependable _ 


super-finished 


Effect of machining conditions 

The surface finish produced at a given operation 
can be varied by changing the machining conditions. 
A number of factors exert influence in this respect, 
but speed, rake angle, tool condition and form and 
the magnitude of feed are all of outstanding 
importance. Before their individual effect can be 
interpreted, however, the question of chip forma- 
tion must be thoroughly considered. Briefly, there 
are two main causes of surface roughness, namely, 
the fragments of built-up-edge which break away 
and are shed on the surface of the workpiece in 
the process of chip formation and the feed marks. 
Improvements in surface finish are achieved by 
counteracting either or both of these two effects, 
te, by reducing either the height of the feed 
ridges or the size of the built-up-edge. 


Chip formation and the formatien of built- 
up-edge 

The formation of one of three types of chip is 
normally possible in machining operations, the 
actual type being determined by the material of the 
workpiece and certain conditions of machining. 
The three types of chip have already been 
described'* and are shown in outline in fig 2. 
Type 1 is the discontinuous or segmental chip, 
favourable conditions for the formation of which are 
relatively brittle material of workpiece, large chip 
thickness, low cutting speed and small rake angle. 
Depending on the degree of brittleness of the chip, 
the individual segments may split off at intervals in 
the zone of plastic deformation ahead of the tool. 
The pitch of the segments is a matter of importance, 
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2 LEFT Discontinuous or segmental chip (type | 
CENTRE Simple continuous chip (type 2 
RIGHT Continuous chip with built-up edge (type 3 


a small pitch resulting in good surface finish of the 
work, but only obtainable when the previously 
mentioned favourable conditions apply."* Where 
this type of chip is associated with brittle materials 
—the usual state of affairs—the surface finish 
obtained is generally good, with reasonable tool life 
and low pewer consumption but, in the somewhat 
rare cases where this type of chip is produced in 
the machining of ductile materials, the finish will 
probably be poor with excessive tool wear. 

The mechanics of type-1 chip formation are 
much more complex than for the simple or con- 
tinuous type-2 chip,'* the favourable conditions for 
which are, among others, ductile material, small 
chip thickness, high cutting speed, large rake 
angle, keen cutting edge and minimum opposition 
to chip flow over the tool face."* This type of 
chip is ideal from the standpoint of surface finish 
of the work and, in the case of ductile materials, 
the compressed region of the chip adjacent to the 
tool face passes off almost continuously and flows 
away instead of adhering to the tool face. 

In the case of those ductile materials which do 
not possess the degree of machinability necessary 
for the production of type-2 chips, a built-up-edge 
is formed adjacent to the tool face. In varying degree 
this type—the type-3 chip (continuous chip with 
built-up-edge)—is more often produced when 
machining many of the ductile materials with high- 
speed tools. According to Ernst'® it is the high 
friction between the compressed layer and the tool 
face, assisted by the high specific pressure and the 
high temperature developed, that causes this layer 
in such instances to become anchored to the tool 
face and to form a built-up-edge, while the chip 
shears away from it and passes off above. 

The compressed region must exist under all 
conditions, regardless of the type of chip forma- 
tion,'* passing off completely with the formation of 
individual chip segments in the case of type | and 
continuously with type 2, but remaining more or 
less attached to the tool in type 3. Under this last 
condition, the portion of the chip near the cutting 
edge is still continuous with the work, so that each 
increment of advance of the latter causes an addi- 
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occurring at one place, or, at infrequent intervals 
in the surface and more commonly consist of 
isolated scratches, ridges, cracks, checks, etc. The 
direction of the predominant surface pattern is 
known as the lay and is usually governed by the 
machining method used, eg, as in turning or 
grinding. A lapped surface, however, has no 
definite lay direction and is known as multi- 
directional (or, non-directional).* 

Roughness height values may refer to measure- 
ments based on any of the following: (a) Root-mean 
square deviation (rms) from the mean surface, 
generally recorded as (Arms); (b) arithmetical 
average deviation from the mean surface (hay); 
(c) average peak to valley height; and (d) maximum 
peak to valley height (Amax). Obviously, it is 
impossible to compare roughness height measure- 
ments given in accordance with the different 
systems. As a result of these different methods of 
measurement, the practice has developed of assess- 
ing roughness (or, primary texture) normally in 
terms of rms or centre-line average values and for 
the assessment of waviness (or, secondary texture) 
in terms of average peak to valley height vaiues. 
When comparing the relative magnitudes of the 
two types of texture on any surface, therefore, it is 
essential to keep clearly in mind the difference 
between these bases of assessment. 

The roughness width rating is the maximurn 
permissible width of repetitive units of the domi- 
nant surface pattern.‘ Irregularities having widths 
up to and including the maximum roughness width 
specified, or (in the absence of specification), up to 
and including the width of the irregularities due to 
machining feed, constitute the basis for the rough- 
ness height specification. Waviness widths are 
specified directly in inches. 

Smooth surfaces are generally more expensive to 
produce than are rough surfaces, but the smoothest 
finish may not always be the most desirable, so 
that the optimum surface finish for a component 
will depend upon the cost and the ultimate appli- 
cation. It may well be that all surfaces of a com- 
ponent do not require the same degree of finish and 
the original cast, forged or cold-rolled finish may 
be preferable over certain areas. Frequently, cases 
are met where a certain degree of roughness is 
advantageous. 

On the other hand, for parts which are to be 
subjected to alternating stresses, a smooth finish is 
usually desirable, since very small notches, such 
as those comprising a ‘rough surface,’ act as 
stress-raisers.* The permissible mean stress in a 
part subject to alternating loads is determined by 
the yield strength and the endurance limit of the 
metal and the latter property is especially liable to 
be influenced by the surface condition of the part. 
This applies particularly to steels at the higher 
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strength levels. The decrease in strength which 
accompanies increased roughness has been shown’ 
and the example has been cited of a part, heat- 
treated to 335 BHN and surface-ground, which 
has a higher endurance limit than a similar part 
with a machined surface and a hardness of 500 
BHN. At the same time, however, notice must 
be taken of what would appear to be the special 
case of titanium alloys, with regard to which, it 
has been contended,*:* the influence of surface 
finish on fatigue strength has been exaggerated to 
an extent not found in other structural materials. 
The titanium alloys are relatively new materials 
and, undoubtedly, more detailed information 
regarding them is required Further work,’ 
however, has recently confirmed the previous con- 
tention to a great extent. While machining and 
finishing operations certainly produced a dis- 
turbed metal layer to a depth of 0-012—0-015 inch 
below the surface of two structural titanium alloys, 
the surface roughness, while influencing the fatigue 
strength of these alloys to some extent, does not 
seriously do so and, in any event, to a much less 
extent than does hardness, as the following de- 
veloped relationship readily shows 
Z ae Oe Fee 
in which 





Z fatigue limit in lb sq in 

X rms surface roughness (micro-inches) and 

4 Knoop surface hardness (100 gm load). 
This equation can be written generally: 

Z = KX-ay> 

in which K, a and 6 are constants of the material. 

From the above results, it was found that surface 
roughness lowered the mean value of the fatigue 
limit more at high hardness values than at low. 
Also, grinding may produce a surface ‘ softer’ than 
the original material. Attention has been drawn!" 
to the importance of residual stresses, as affected by 
the processing operation, and of the lay, especially 
with reference to the circumferential surface 
irregularities or scratches which, in certain cases, 
will lower the fatigue properties much more than 
will axial scratches of the same depth and contour. 
In view of the results of these recent investigations, 
it is certain that greater attention will have to be 
paid to all attendant conditions. 


Surface finish requirements depend upon the 
intended application and Table 1 shows the degree 
of finish considered desirable for a number of 
purposes. 

It will be seen that the finest or smoothest surface 
finishes are only required for the most critical 
applications. The greater proportion of components 
produced by machining have surface roughness 
values above 50 micro-inches. 
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ficial in such cases. A large feed, however, is much 
more detrimental to surface finish than is a large 
depth of cut. Reduction of feed is beneficial, since 
the load between the chip and the tool becomes 
reduced, as well as the width of the basic finish 
roughness. The general result is readily apparent 
from fig 4. Since tool life is less sensitive to depth 
of cut than to feed, it is possible to effect a com- 
promise between good tool life and good surface 
finish by combining a large depth of cut with a 
small feed. 

The turning tests previously mentioned!'® also 
supplied valuable information on the effect of 
depth of cut and feed. The 0-1"°,, carbon steel was 
shown to produce the lowest values of surface 
roughness for the lightest feed of 0-005 inch rev, 
the values being 70 micro-inches rms for a depth 
of cut of 0-01 inch, 85 for a depth of cut of 4; inch 
and 100 for a depth of cut of 4 inch. When the 
feed was increased to 0-02 inch rev the surface 
quality was poor, ranging from 400 to 300 with the 
more shallow depths of cut. 


It is obvious, therefore, that feed exerts a con- 
siderable influence on surface roughness, the best 
finish being obtained with the lighter feeds. Also, 
while the depth of cut did not affect surface quality 
to the same extent, the lighter cuts gave slightly 
better surface finish than do the heavier cuts. With 
the lightest feed, the 0-3°,, carbon steel showed a 
slightly inferior finish to the 0-1°,, carbon steel. 
The best surface finish for the former, however, 
was obtained with the heaviest cut. The best finish 
on both the soft and hard grades of aluminium was 
obtained with the shallowest cut and lightest feed, 
while the free-cutting brass and cast iron showed 
great influence of feed on surface quality, but only a 
slight influence due to depth of cut. 

Semenov™ has developed empirical equations for 
the relationship of surface finish with feed and 
depth of cut in the case of the turning of cast iron 
at 300 ft min, using two different tool materials 

cemented carbide and a cast titanium-molybdenum 
alloy) with identical results. For the tool conditions 
adopted, the following relationship between surface 
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roughness and speed was obtained, the depth being 
held constant at 0-01 inch: 


h rms 16,000f T 14, 


where Arms the rms height of the surface 
irregularities (Profilometer). 


When the feed was held constant at 0-002 inch, rev, 
the relation between surface finish and depth of 
cut, d, was 

h rms 700d T 60 


Rake angle The various types of rake angle 
have been shown to exert a definite effect on 
surface finish, but the particular type of rake angle 
demands consideration if only with reference to 
the mechanism underlying its specific effect, 
although it can be broadly stated that large positive 
rake angles tend to keep the size of the built-up-edge 
small. 

The side-rake angle is the angle between the 
ground top face of the tool and the top or bottom 
plane of the tool, measured at right angles to the 
longitudinal axis.** A large side-rake angle results 
in a comparatively small built-up-edge, so allowing 
a smoother surface finish. It is, perhaps, unfortu- 
nate that this result is sometimes achieved through 
development of the very undesirable cratering 
phenomenon which can result in a large uncontrolled 
increase in rake angle, but with, of course, a corre- 
sponding heavy reduction in tool life. The side- 
rake angle, however, is dependent on a number of 
factors, some of which are opposed to one another. 
Of primary importance is the strength of the 
cutting-tool material and of the workpiece. In 
the former instance, larger side-rake angles can be 
used on high-speed steel tools than on carbide or 
on cast non-ferrous alloy tools owing to the greater 
strength of the steel. With high-strength workpiece 
materials, however, a much greater cutting pressure 
is exerted than with those of low tensile strength, 
so that side-rake angle is usually smaller when 


OMETER) MICROINCHES RMS 
» 
Cc 


‘ 
OF IL 





NISH ( PRO 








4 Effect of feed on surface finish (Schmidt 








metal treatment 
and Drop Forging 


338 


tional piling up of compressed material in this 
region, the crystal grains of the material in this 
zone being elongated or distorted in a direction 
more or less parallel to the tool face. As this 
stationary accumulation of compressed material 
(or built-up-edge) becomes increasingly larger, 
the line of shear between it and the body of the 
chip on the one side and the work on the other 
moves increasingly further away from the cutting 
edge so that, as the built-up-edge increases, it also 
becomes more unstable, until a point is reached 
where failure occurs and fragments of the edge are 
torn off and escape both with the chip and the work. 

The intermittent building up and breaking down 
of the forward end of the built-up-edge occurs 
at an extremely rapid rate, so that the surface of the 
finished work is covered with a multitude of 
fragments of ‘ built-up-edge.’ These fragments are 
regarded as constituting the ‘roughness’ of a 
machined surface, the degree of roughness being a 
function of the average size of the fragments and 
this size, in turn, being determined by the magni- 
tude of the built-up-edge from which the fragments 
are torn. When the chip leaves the tool at the 
completion of the cut, it generally carries with it 
the remnant of built-up-edge which has been 
anchored to the cutting edge. The bond between 
this remnant and the tool face may be, under 
certain conditions, so strong that the remnant stays 
permanently attached to the tool.'’ 

Just as machining conditions and the physical 
condition of the workpiece affect the type of chip, 
so they affect the size of the built-up-edge and, 
consequently, the surface finish. The larger the 
built-up-edge, the larger are the resultant frag- 
ments of built-up-edge which have been ironed 
into the workpiece and, hence, the rougher is the 
machined surface produced. It would appear that 
any condition leading to flow of the material of the 
workpiece tends to lead to increase in size of the 
built-up-edge. Thus, increased ductility (since 1t 
is essentially the ductile metals which are prone to 
strain-hardening) and depth of cut and, to some 
extent, decreased speed, will result in a larger 
built-up-edge. While all such factors must in the 
production sense be considered collectively, each 
item is of real importance with regard to its effect 
on surface finish and is worthy of individual study. 
The question of strain-hardening is discussed at 
greater length below. 

Cutting speed While cutting at high speeds is 
generally considered to reduce the size of the 
built-up-edge and so to improve the surface finish, 
it would seem from Boulger’s results (fig 3) that this 
(quite appreciable) effect is only exerted after a 
certain speed value has been attained. The degree of 
plastic flow necessary for the formation cannot be 
developed in the much reduced time available at 


august, 1958 


higher cutting speeds. The result is a continuous 
chip without formation of a built-up-edge or, with 
the formation of one that is sufficiently small not 
to mar (at any rate, appreciably) the surface finish 
obtained by the particular machining operation. 
Thus, a continuous deformation of the metal 
ahead of the cutting edge takes place without rup- 
ture, followed by a smooth and swift flow of the 
chip along the tool face with low friction between 
chip and tool. This type of chip is the most desir- 
able as far as surface finish, tool life and power 
consumption are concerned. 

Actually, there is little further improvement in 
surface finish quality with increase in cutting 
speed once the built-up-edge has decreased to 
some insignificant size. The critical speed value 
at which this effect takes place is generally of the 


order of 300 to 500 ft min, but it can vary con- 
siderably, depending on the material of the work- 
piece and he tool, tool form, cutting fluid used, 
etc. This feature was well illustrated in turning tests 
on six different metals, using a standard tool 
operating at 0-020 inch rev and a depth of cut of 
inch, surface roughness being determined as the 
cutting speed was changed from 25 ft min to 
150 ft min.!® At the lowest speed, the surface 
roug s was the poorest in the case of all metals, 
rar from 500 to 225 micro-inches, rms, the 


being 500 for soft aluminium, 400 for two 
ite steels, 300 for cast iron, 250 for ‘ hard’ 
inium (24S-T) and 225 for free-cutting brass. 
0 ft min the highest roughness was 300 rms 
cold-finished mild steel, followed by 275 for 
aluminium and approximately 200 for the less 
ctile materials—free-cutting brass, hard alu- 
ninium and a 0-3°,, carbon steel. At 350 ft min, 
he surface roughness varied from 250 to 200 
mucro-inches, rms, and this appeared to be the 
best finish obtainable for the group of materials 
under the cutting conditions already described. 
A separate series of facing tests'* on normalized and 
annealed discs of 0- 3°, carbon steel, using cemented 
carbide tools, showed surface quality to be poorest 
at the lowest speed and best at the highest speed for 
all the cutting fluids used. The surface quality at 
the highest speed appeared to be much the same 
for four cutting conditions—dry and with three 
different cutting oils. Intermediate speed ranges 
gave increasing finish with increase in speed. It 
would seem that the improvement due to cutting 
fluid is at low speeds, e g, as in tapping. 

Dimensions of cut—feed and depth of cut The size 
of the chip cross-sectional area has a marked effect 
on surface finish, being poor with a large cut and 
good in the case of a small cut.2 This is a state of 
affairs in opposition to the effect of size of cut on 
tool life and power consumption, heavy cuts 
combined with low cutting speeds) being bene- 
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must be placed on the back-rake angle if distortion 
is to be avoided in the machining of a long and 
slender shaft. Lastly, negative back rake protects 
the finishing point of a tool, due essentially to the 
cutting edge being put under compression (rather 
than being in shear or tension); the increase in 
included angle, so strengthening the weakest point; 
and the resistance to vibration and impact. 

Mention must also be made of the true rake 
known also as true side rake or cutting rake angle), 
since increase of this angle improves the surface 
finish considerably by reducing the size of the 
built-up-edge. The conventional side-rake angle is 
measured at right angles to the longitudinal axis 
of the tool, while the true side rake is measured at 
right angles to the side-cutting edge, but actually 
the cutting rake angle and the true side-rake angle 
are in theory ncminally the same. Basically, 
however, the cutting rake angle is created by the 
combined affect of the side rake, back rake and side 
cutting edge angles. Its importance lies in that it 
determines the cutting action of the tool and controls 
the direction of chip flow. The necessity for under- 
standing the function of the cutting rake angle, 
involving, as it does, three variatle angles, has been 
duly emphasized:** ‘ . . . The true rake angle is 
defined as the actual slope of the top face... The 
chip flow is approximately in the direction of the 
actval slore of the tool face. The great significance 
which the true rake angle possesses in the machining 
process is due to the fact that it directly affects not 
only the cutting force but also the finish of the work 
and the tool life.’ It must be added that rigidity of 
both the work and the tool is vital if improved 
surface finish is to be achieved by the employment of 
large rake angles. 

Considerations of tool form A fine finish requires 
a fine feed unless a broad-nosed finishing tool is 
used. The lead angle (or, side cutting edge angle )}— 
the angle between the side cutting edge and the 
longitudinal axis of the tool—is of importance in 
this respect since it increases the included angle at 
the finishing point of the tool and so strengthens this 
zone. Increase in the side cutting edge angle 
reduces chip thickness (and so the size of the built- 
up-edge) and reduces pressure on the cutting edge; 
1t also enables chatter and vibration to be reduced 
and is an important factor in determining the 
direction of chip flow. All of these items bear, 
directly and indirectly, on the quality of finish of 
the machined surface, but the result in the case of 
the side cutting edge angle is variable since it is 
affected by other conditions. 

Further consideration of the nose radius, how- 
ever, becomes necessary, since, while its increase 
promotes improved surface finish, too large a nose 
radius means an excessive contact length between 
the cutting edge and the work, so that chatter can 
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develop. The effect can be further increased by 
the production of a long, non-uniform chip—a 
small nose radius would produce a shorter chip— 
and, for this reason, a point angle, requiring less 
power, is to be preferred to a nose radius.» The 
mean purpose of the nose radius is to decrease the 
thickness of chip at and near the finishing point of 
the tool. Thus, pressure and heat generation on 
the cutting edge are reduced and it is in this way 
that improved surface finish results. The previously 
mentioned turning tests'* on six different materials 
supply firm evidence that the least roughness is 
obtained when a tool having the largest nose radius 
is used. In these tests, the nose radius was varied 
from a sharp nose of zero radius to one of } inch 
under the standard conditions described. Using 
the sharp radius, the surface roughness varied from 
800 to 500 micro-inches rms for all materials; 
from 400 to 100 for a , inch nose radius; 200 to 
60 for the 4 inch nose radius and 175 to 60 for 
radii of *, inch and } inch. The better finishes were 
obtained on the harder metals—‘ hard ’ aluminium, 
free-cutting brass and cast iron—as would be 
expected. 

The end cutting-edge angle also enters these 
considerations in that it decreases the nose angle 
and so weakens the tool. Finish deteriorates with 
increase in the end cutting-edge angle due to the 
height of the feed ridges on the surface of the work- 
piece becoming increased. A sharp nose radius can 
result, of course, in an irregular surface finish, but, 
in the case of finishing tools, surface finish can be 
improved by grinding a flat on the end cutting edge. 
This must not be too wide, however, otherwise 
too much of this cutting edge will be in contact 
with the work and chatter may result. 


Briefly, tool form has a marked effect on surface 
finish and the correction of poor finish in practice 
is mostly effected by a change of one of the phases 
of tool form. In addition to the various aspects 
already mentioned, the only other angle of import- 
ance, the relief angle, exerts but a slight effect on 
surface finish. 


Opposition to chip flow The smaller the opposition 
to chip flow the smaller the built-up-edge and, 
consequently, the better will be the surface finish. 
Opposition to chip flow is reduced to a minimum 
by maintaining a high polish on the tool face, by 
application of a lubricant to prevent the adhesion of 
the built-up-edge to the tool face, by the use of a 
cutting tool material (such as carbide) which has a 
comparatively low coefficient of friction and by 
ensuring that the grinding lines on the tool face 
lie in the direction of chip flow. The smoothness of 
the tool face is undoubtedly related to the friction 
developed between metal and tool. Thus, 
Merchant®’ has shown that the expression for the 
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machining the stronger materials. Again, small 
side-rake angles must be used when machining 
materials which develop considerable heat in order 
that the temperature in the neighbourhood of the 
cutting edge is not raised to an extent sufficient to 
soften the tool.** Obviously, carbides have a great 
advantage in this case. Finally, larger side-rake 
angles can be used on light feeds than on heavy 
feeds**—a state of affairs which complies with the 
feed requirements previously mentioned for obtain- 
ing superior surface finish. 

Negative side-rake contributes indirectly in 
maintaining the quality of surface finish in that it 
strengthens the side-cutting edge, so protecting 
it from damage due to stress and impact. Under 
this rake condition, the pressure supporting area 
under the side cutting edge tends to be in com- 
pression rather than in shear, as in the case of 
positive side rake—the negative side-rake angle 
must te at least equal to the side relief angle in 
order to ensure that the side cutting area is in 
compression. The situation lends itself to the 
use of cemented carbides, with their outstanding 
compressive strength, and so to the employment of 
faster cutting speeds and to the machining of 
tougher materials. Against this sequence favouring 
improved surface finish, negative side-rake neces- 
sitates greater power consumption and so leads to 
higher temperatures at the cutting edge—again 
calling for the use of carbide with its superior red 
hardness. Power consumption and heat generation, 
however, can be reduced by combining positive 
side-rake with negative rake (in the form of a 
narrow land), so maintaining the strength-giving 
purpose of the negative side rake.” 

In the case of milling cutters, side rake is usually 
referred to as radial rake. Schmidt™ has reported 
on the results of milling tests with 2-bladed cutters 
and fiy-cutters having 0 axial rake and various 
radial rake angles from 6° to 30° positive and from 
0° to 30 negative. The true rake is, of course, 
the resultant of the radial and axial rakes (re, a 
solid angle), but Schmidt’s investigation relates 
essentially to the effect of radial rake. Cutting 
speeds ranged from 25 to 1,180 ft min. Values of 
surface finish, as indicated in fig 5, were obtained 
from fly-cutting tests. It will be noted that there is a 
relatively small variation in finish due to changes in 
radial rake angle at a cutting speed of 572 ft min, 
with much larger differences accompanying the 
1ougher finish resulting from a lower cutting speed. 
When a multiple-toothed cutter was used, these 
surface finish effects could not be so readily observed 
(as wren cutting with a single-bladed tool), owing 
to the variations in run-out, however small they 
may te, cf the various blades. The results for a 
2-bladed cutter, however, were found to agree 
within 70°,, with those shown in fig 5. Further 
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tests showed that modification of other cutter 
angles had but little effect, cutting speed and feed 
per tooth being invariably the determining factors 


with regard to surface finish, as has already been 
shown : 

The back-rake angle is that between the top face 
of the tool and the top plane of the tool, but the 
effective back-rake angle is modified by the posi- 
tion of the finishing point of the tool in relation to 
the centre line of the work. In the case of this rake 


angle also, a number of reasons exist for its use. 
Firstly, it controls the direction of chip flow, more 
especially in the machining of ductile materials. In 
the case of a tool with a positive back rake, the 
chip flow is away from the machined surface. On 
the other hand, with a negative back rake, the chip 
flow is towards the work so that, in this case, the 
chip can touch the machined surface and so impair 
the surface quality. Means for chip-breaking offer 
the only solution here. Schmidt™* also found 
blemishing of the machined surface for this reason 
when using cutters and the effect was observed to 
be most pronounced when the axial (back) rake 
angle had a greater negative value than the radial 
side) angle.*® Since tool life, however, was often 
improved with a negative axial rake, chip inter- 
ference was eliminated by inclining the flutes in 
such a way that the chips were carried away from 
the machined surface. In turning operations, the 
introduction of chip-breakers enables the length of 
chip to be controlled so that it can be prevented 
from fouling the workpiece. For machining opera- 
tions which produce relatively fine swarf, cutting 
fluid provides the most effective means of swarf 
control. When swarf trapped beneath a face- 
milling cutter marred the surface finish, however, 
the blades were set closer to the cutter face in order 
to prevent the chips from lodging in the spaces 
between the cutter body and the workpiece. 

It must also be remembered that a definite limit 
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New factory at Feltham 


INDICATIVE OF THE TREND in industry, to segregate 
specialized technology and processes, is the estab- 
lishment at Faggs Road, Feltham, of Messrs. 
Routing Ltd. This firm, as the name implies, 
specializes in the production of metal components 
by high-speed machining. It is believed to be the 
only firm engaged exclusively in this process. 
Routing Ltd, ts an associate company of Morfax 
Ltd, Willow Lane, Mitcham, and was developed 
from the original routing department of the parent 
company, where for some four years routing 
development and tooling have been in progress. 

The new factory is at present equipped with 
some 20 Wadkin routing machines of various types. 
In addition, there are special-purpose routing 
machines including a twin-operator skin-milling 
machine capable of handling plates 6 ft wide to an 
unlimited length. Supporting this installation are 
machines to handle tooling and templates manu- 
factured for the routing production line. Blending 
and finishing equipment includes rumbling plants 
of various sizes and a Vacublast installation, the 
whole organization being adequately covered by 
a well-set-up inspection department. 

A new factory building of some 18,000 sq ft is 
in course of erection at the rear of the existing 
premises. The new shop should be ready for 
occupation early in September, and will permit the 
expansion of plant and facilities warranted by 
existing production commitments. 


Development of metal routing 

Routing is the name given to high-speed milling. 
It was originally employed in the woodworking 
industry for the shaping of intricate parts and 
mouldings. Fundamentally the routing machine 
consists of a platen or work bench, a motor-driven 
spindle carrying a cutting tool. The arm support- 
ing the driving head and cutter can be moved over 
the whole area of the work-piece. Material is 
removed by the action of the cutter rotating at 


high speed and biting into the surface or edge of 


the material according to the type of cutter used. 
A template or guide arrangement is fitted over the 
work-piece in such a manner that a loose collar 
or roller mounted on the driving spindle can be 
maintained in contact with the edge of the template 
by pressure applied to the head by the operator. 
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Bulkhead in high-tensile aluminium alloy being machined 
from solid billet 


Routing is faster in operation than the band-saw, 
and imparts less stress in the material and has the 
further advantage that sheet materials can be 
profiled to template. 

With the development of high-speed flight, 
designers were faced with the production of lighter 
structures capable of withstanding increased stresses. 
Attention was turned towards the high-tensile light 
alloys and the adoption of monocoque construction 
in airframe design. This break-away from orthodox 
composite fabrication called for an economical 
method of rapidly machining to fine limits, intricate 
sections and components from the solid billet. 

The routing of components from the solid billet 
may appear at first sight to be wasteful and un- 
economic. It will be appreciated, however, that, 
apart from physical considerations, the cost of 
material compared with that of the labour involved 
renders the process an economic one for, although 
the material is expensive, the speed of the process 
reduces the cost of labour and therefore the overall 
cost of manufacture. 

Other applications of the process have been the 
development of skin-milling for aircraft and similar 
highly stressed sheet components. In this opera- 
tion, the thickness of the sheet or skin is reduced 
over all areas except where stiffeners, ribs or attach- 
ment points are located. The result is a skin 
possessing integral stiffeners and reinforcement 
machined from the solid and having all changes of 
section evenly radiused. 
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coefficient of friction, », takes the approximate 
form 

2 S/H + tan 6, 


where S is the average shear strength of the area 
of contact; 


H the mean pressure surface hardness 
value for the softer of the two metals in 
contact; 


SH represents the adhesion; and 


tan § represents the surface roughness, 
ie, the average slope of the 
interlocking surface irregularities. 
It then becomes evident that » for the interface 
between the built-up-edge and the tool will be 
decreased if the tool face is made smoother, 7 e, 
if 6 is made smaller.** 


Material factors affecting surface finish 

The degree of surface finish arising from a 
machining process can be considered in relation to 
the type of chip produced, as already discussed, or, 
with regard to certain basic variables. 


The basic variables of metal-cutting processes Of 


the variables concerned in metal-cutting processes, 
only three are considered to be basic, namely, the 
shear strength, S,, the machining constant, C, and 
the coefficient of friction, », and, of these, it is only 
the last which exerts a definite effect on surface 
finish. It can be related to other cutting values by the 
two following expressions: 


F, + F, tan « 

F,.— F; tan « 

P tan(C — 2¢ + x), 

the rake angle of the tool measured in a 
plane perpendicular to its cutting edge; 
d the shear angle (the angle between the 


where =~ 


shear plane and the surface being 
generated) ; 
’ is the machining constant (deg); 
, the cutting force (the force component 
acting in the direction of tool travel); 
and 


F, — the thrust force (the force component 
acting in a direction perpendicular to 
the surface generated). 

If the friction developed between the chip and tool 
is high, the finish will be inferior and vice versa.*° 
While Merchant’s expressions (above) have be- 
come more or less generally accepted, mention must 
be made of doubts arising from recent investigations 
regarding the use of the coefficient of friction in the 
evaluation of metal-cutting processes. Thus, Finnie 
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and Shaw** considered that the coefficient did not 
portray adequately the friction process in metal 
cutting. More recently, the view has been ex- 
pressed®® that the significance of the coefficient of 
friction in the interpretation of metal-cutting 
phenomena has not been established conclusively 
and that tool performance may be more closely 
associated with the frictional force than with the 
coefficient. It is doubtful whether the assumption 
that a low coefficient of friction implies low tool 
temperature and long tool life can necessarily be 
upheld, since the coefficient, which is the ratio of the 
frictional force to the normal force on the tool face, 
can decrease (or increase) even when both forces 
increase (or decrease). This really confirms the 
previous view of Kronenberg,** who had pointed 
out that both force components can decrease and 
yet, if the normal force decreases more rapidly 
than the friction force, the coefficient will increase. 
to be continued 
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Mr Lewis Chapman, CB E 

PRESIDENT-ELECT of the British Iron and Steel Federation, 
Mr Lewis Chapman has had over 50 years’ experience 
in the Sheffield special steel industries, having initially 
gone through the practical side of crucible and electric 
furnace steel melting, forging, rolling, treatment, etc 
He was for some 25 years managing director of the BS A 
group steel interests in Sheffield, namely, Wm Jessop & 
Sons Ltd and J. J. Saville & Co Ltd, and now holds 
the positions of deputy chairman of the Birmingham 
Small Arms Co Ltd and chairman of Wm Jessop & 
Sons Ltd and High Speed Steel Alloys Ltd. 

Mr Chapman has for many years occupied the chair of 
most of the Sheffield special steels associations, including 
the High Speed Steel Association and the Stailness Steel 
Association. 

He started selling oversea before the first world war 
and has since travelled extensively, particularly in Europe, 
but also in America and Canada. He was awarded the 
CBE in the 1955 New Year Honours. 


Election of Sir William Scott as chairman of the 
Finance Committee of the British Steel Castings Research 
Association was announced at the last annual general 
meeting of the association. 


Sir William is managing director of Armstrong Whit- 
worth (Metal Industries) Ltd and of Jarrow Metal 
Industries Ltd. He is also chairman of Armstrong 
Whitworth & Company (Pneumatic Tools) Ltd and a 
director of Jarrow Tube Works Ltd. He went to 
Tyneside in 1920 from the Armstrong Whitworth works 
in Manchester. 


His knighthood—for political and public services in 
Jarrow—was announced in last year’s Birthday Honours, 
and on September 30 he was the guest of honour at a 
dinner held at Newcastle upon Tyne at which repre- 
sentatives of industry, professional bodies, and technical 
education establishments in the north-east marked their 
appreciation of the honour conferred upon him. 

Sir William played an important part in bringing back 
industry to Jarrow in the years of depression. He 
worked alongside ‘ Jarrow’s benefactor,’ the late Sir 
John Jarvis, father of Sir Adrian Jarvis, the present 
chairman of Armstrong Whitworth (Metal Industries 


Lord Halsbury will retire from the position of 
managing director of the National Research Development 
Corporation on March 31, 1959, to take up another 
appointment. In anticipation of the establishment of the 
corporation, he was appointed temporary adviser to the 
Board of Trade in May, 1949, and in the following month 
was made the Corporation’s first managing director. 


The corporation, which was established under the 
Development of Inventions Act, 1948, holds a portfolio 
of patents for Government, and some private inventicas. 
It licenses them for industrial use and also arranges re- 
search and development programmes designed to demon- 
strate the practical value of previously unproved inven- 
tions considered by the corporation to be in the public 
interest, or to sponsor new inventions. In one particular 
field, that of the computer industry, it has made a con- 
siderable contribution to these ends. 


Lord Halsbury, who was only 40 when he became 
managing director of N RDC, brought to this experi- 
mental organization a considerable experience in industry 
both on the research and on the commercial and adminis- 
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trative sides. During the war, at the research laboratories 
of Thos Firth & John Brown Ltd, Sheffield, he worked on 
the design of special steels for the blades of gas turbines 
and jet engines. From steel he turned to plastics, doing 
a great deal of valuable research into the production of 
suitable materials for long-playing records, as works 
manager for the Decca Record Co Ltd 

He was a member of the Advisory Council of the 
Committee of the Privy Council for Scientific and 
Industrial Research from 1949 to 1954 and is now a 
member of its Mechanical Engineering Research Board. 
He was elected president of the Institution of Production 
Engineers last year and is chairman of the National 
Institute of Industrial Psychology, chairman of the Science 
Museum Advisory Council, vice-president of the Parlia- 
mentary and Scientific Committee, vice-president of the 
Royal Institute of Philosophy, a governor of the Man- 
chester College of Science and Technology, a member of 
the council of the Royal Society of Arts, and of the 
Manchester Joint Research Council 


Among tributes paid to Mr J. W. Wardell last week 
was one from Mr Richard Miles, chairman and managing 
director of Head, Wrightson & Co Ltd, Thorn .by-on-Tees. 
Mr Miles said of Mr Wardell that his integrity and de- 
votion of service had made a great contribution to the 
present position of the company. 

Mr Wardell, who is well known as a leading ore- 
preparation engineer, joined the firm as an apprentice in 
1913 and left 10 years later to gain further experience 
with a London firm of consultants. In 1914 he joined a 
Siberian mining firm and was appointed assistant mill 
superintendent, but with the onset of the Russian 
Revolution, he left the country and returned to Britain, 
rejoining his old firm 


In 1925 he was appointed chief draughtsman and three 
years later manager, and subsequently general manager 
of the works. When, under a reorganization scheme, the 
forge division became Head Wrightson Stockton Forge 
Ltd, Mr Wardell was appointed managing director, a 
position he held until his retirement from active work in 
january. He retains his seat on the board. 


To mark his half-century with the company, Mr Miles 
presented him with a silver teaset 


New Acheson appointments 

Mr Edward A. Smith has been promoted to the position 
of assistant manager, European Operations. This senior 
executive position carries the responsibility of maintaining 
efficiently all operations of the various production units 
of Acheson Industries (Europe) Ltd in Britain and the 
Continent. 


Mr G. J. B. Davies has been appointed general 
manager of Acheson Dispersed Pigments Co, Dukin- 
field, Cheshire. This company, which specializes in 
the processing of pigments into synthetic resins, plasti- 
cizers and other media, is a Division of Acheson Industries 
(Europe) Ltd. Mr Davies was previously general 
manager of Acheson Colloiden NV, Scheemda (Gr), 
Netherlands. 

Appointments to Acheson Colloids Ltd, a subsidiary 
of Acheson Industries (Europe) Ltd, are as follows: 

Mr A. Cheney as sales manager. He and his staff 
will move shortly to the new Headquarter Offices of thc 
company which are in one of the modern buildings that 
characterize the new City of Plymouth. 
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Open days at MERL 
New facilities for metrology and heat transfer research 


NEW AND EXTENSIVE FACILITIES for research into me- 
chanisms and metrology and heat transfer are now 
available at the Mechanical Engineering Research Labora- 
tory D SIR at East Kilbride, near Glasgow. Visitors 
to this year’s open days at the laboratory were able to see 
current work in these fields. 

The two new buildings were completed last year, and 
the metrology section is believed to be the best equipped 
of its kind in the world. It provides a service to industry 
and other Government departments, including the rest 
of the laboratory, for a wide range of precision engineering 
measurements. 

To enable accuracy when checking engineering com- 
ponents to be of the highest degree, the metrology wing 
is virtually a building within a building. This is to 
guarantee strict temperature control. All exterior win- 
dows are double-glazed and fitted with venetian blinds 
and the test rooms are surrounded by a temperature- 
controlled corridor. Each test room is supplied with air 
at the standard temperature of 68 F through a system of 
ducting concealed in a false ceiling. The air-conditioning 
equipment includes heating and refrigeration with auto- 
control, and the floor is of polished hardwood blocks to 
minimize dust. The Standards room, for example, has 
a thick concrete base resting on a rubber mat so that 
vibration from other areas will not upset sensitive 
measurements. 

Facilities in the Heat Division’s new laboratory are 
equally impressive, and include large experimental bays 
and smaller physics-type laboratories. In order that 
research may be carried out effectively, it has been 
necessary to provide sources of heating and cooling on a 
large scale. A total power of 1,750 kVA is available and 
the voltage of a large proportion of the ac supply can 
be remotely controlled to give a smooth variation from 
zero to full output voltage. A Deuce digital computer 


is being installed, primarily for the Division’s work on 
the preparation of tables of thermodynamic properties of 
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technically important fluids. Research being undertaken 
by this Division includes basic heat transfer, applied heat 
transfer and applied thermodynamics. 

The work of all other Divisions was also on show, and 
highlights included results of laboratory and field investi- 
gations on methods of measuring large rates of flow of 
liquids in pipes; work on the growth of fatigue cracks in 
metals; and investigations into the hot extrusion of rods 
in a hydraulic press and the cold impact extrusion of rods 
and tubular containers in a crank press. 


Welding courses for nuclear energy 


In view of the stringent specifications imposed on all 
welding for nuclear-energy projects, the John Thompson 
Group has inaugurated special courses for operators at its 
new welding school at Wolverhampton. 

Al present, men are receiving training in pipe welding 
in readiness for work at the Berkeley (Gloucester) nuclear- 
power station, now being built by A E I1—John Thompson 
Nuclear Energy Co Ltd. Work on the site commenced 
in December 1957, and the work on pipe welding will 
commence in the near future 

In addition to basic courses for trainees, an improvers’ 
course is also being held at the school. After receiving 
practical instruction, the operator must pass a series of 
tests to the Insurance Company specifications: these are 
macro examination and tongue-bend test. The operator 
is then sent to work under actual site conditions, and 
during the period he is on site he will undergo re-tests 
at regular intervals 

Equipment supplied to the Welding School by British 
Oxygen Gases Ltd includes DH high-pressure light- 
weight blowpipes, regulators and a dissolved acetylene 
manifold. Oxygen is supplied by direct pipeline from 
British Oxygen’s factory in Wolverhampton. A special 
pipeline has been installed in the school and there are 
ten points throughout the building where oxygen and 
acetylene can be drawn-off as required 

Welding will be required at Berkeley on water and 
steam pipework for heat exchangers, tube connections 


Supplied by the Jackson 

Division, Salford, of David Brown 
Industries Ltd, the machine-cut 
rack and pinion gears in this 
picture are for tilting 35-ton basic 
Bessemer converters in the 

Corby (Northants) plant of Stewarts 
& Lloyds Ltd 


The pimon, which weighed 5} 
tons tn the finished state, 

was cast, machined and cut, while 
the 7}-ton rack was cut from 

a solid forging 
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Mr G. F. Henderson, as assistant sales manager 
Mr Henderson will continue to operate from the com- 
pany’s Richmond office. 

Mr T. Wint has been appointed sales engineer. He 
will be responsible for the North-East England territory 
and will operate from the company’s Rochdale office 


Mr F. Gordon Kay has been elected to the board of 
directors of Acheson Colloids Ltd. Formerly sales 
manager of the company, he was promoted in 1957 to the 
position of manager, sales relations, of Acheson Industries 
(Europe) Ltd, the parent body for Acheson Colloids 
Ltd, Acheson Dispersed Pigments Co and Acheson 
Colloiden N V of Holland. 

As manager, sales relations, of the parent body, he has 
been responsible for advice on sales and sales policy to the 
various units of the Acheson organization in Europe. 

Mr Kay is much travelled and has completed two 
22,000-mile business tours of South America since join- 
ing Acheson Industries (Europe) Ltd, in addition to 
considerable journeying in Europe 

Trained as an engineer, Mr Kay is an Associate Mem- 
ber of the Institution of Mechanical Engineers. He has 
in the past delivered various papers to learned societies 
on colloidal graphite 

Mr Kay has been with the Acheson organization for 34 
years. 


New names and addresses 

The Birmingham branch of the English Electric Co 
Ltd has been moved from 75 New Street to larger 
premises at Pitmaston, Moseley, Birmingham, 13 .(Tele- 
phone: SOUth 4021/5). The Domestic Appliance Sales 
section is also located in the new premises, but the 
Appliance Service Depot remains at 175 Tennant Street 
Birmingham, 15. 


Honeywell-Brown Ltd has changed its name to Honey- 
well Controls Ltd. At the same time, all head office 
departments and the London branch office moved from 
Perivale to a new building in Greenford. Its address is 
Ruislip Road East, Greenford, Middlesex (Waxlow 2333 

The new name identifies the company with its range 
of products—instrumentation, heating and air-condition- 
ing controls, micro switches—and lines up with the names 
adopted by most overseas affiliates of the company 

The new building, which incorporates many modern 
aics to operating efficiency, puts all marketing functions 
—sales and service engineering, training school, export 
activities—and their executive direction, under one roof 


Metallurgical Engineers Ltd announces a change of 
address from Prince Rupert House to 5-15 Cromer 
Street, London, W C 1 (TERminus 8689 


The address of Climax Molybdenum Company of 
Europe Ltd will be 2 Cavendish Place, London, W |! 
MUSeum 8818) from September | 


University professors at steel conference 

Seventeen professors of science and engineering from 
British universities attended a four-day conference last 
month organized by the United Steel Companies Ltd on 
the relation of scientific research to production 

During their stay, the professors were in residence at 
University Hall, Sheffield, and visited United Steel's 
research and development department at Rotherham in 
addition to three of the company’s steelmaking branches 
—Appleby-Frodingham Steel Co, Scunthorpe; Steel, 
Peech & Tozer, Rotherham; and Samuel Fox & Co 
Ltd, Stocksbridge 
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An unusual feature of the conference was that research 
failures as well as successes were being presented for 
evaluation. Three examples of successful research investi- 
gations discussed concerned the prevention of breakouts 
from iron and steel furnaces, the development of low 
carbon bainitic steels and mechanization of drilling 
operations in steel sections and plates for structural uses 

Every opportunity was given to the visiting professors 
to participate in discussions with members of the com- 
pany’s staff and to pursue individual lines of enquiry 


At the annual meeting of the British Steel Founders’ 
Association, Dr Cyril John Dadswell was elected chair- 
man in succession to Mr G. M. Menzies, chairman and 
managing director of North British Steel Foundry Ltd 

Dr Dadswell, in addition to being on the board of the 
English Steel Corporation Ltd—he was elected in 1946— 
is managing director of the English Steel Castings 
Corporation Ltd, the English Steel Spring Corporation 


Ltd, and Davis & Lloyd (1955) Ltd, and a director of 
BS FA Holdings Ltd, Darlington Forge Ltd, and the 
English Steel Forge & Engineering Corporation Ltd 


He was for some years manager of the E S C Grimes- 
rpe foundry, and in 1941 was seconded to the Iron 
i Steel Control of the Ministry of Supply in connection 
building of mass-production foundries for track- 

tings. In 1942 he went to the U S and Canada as 


Dr C. ¥. Dadswell 


of the British armour mission to study, in 


particular, cast armour, and in 1943 returned to English 
Steel and took charge of the drop-forging department 

A past president of the Sheffield and district branch of 
the Institute of British Foundrymen, Dr Dadswell served 
18S national president in 1952-53. He is also a director of 
the British Steel Castings Research Association 


Mr Colin Howell Kain, who has been elected vice- 
chairman of the B S F A, is managing director of Lake & 
Elliot Ltd, Braintree (Essex Until 1954 he was joint 
managing director with Mr C. J]. Lake. He is chairman 
and managing director of National Steel Foundry (1914 
Ltd, and a director of Driver & Ling Ltd and the 
W-K-M Valve Company (Britain) Ltd. Mr Kain is a 
former chairman of the British Steel Castings Research 
Association, a Liveryman of the Worshipful Company of 
Founders, and a Freeman of the City of London 


British furnaces for US 

Wild-Barfield Electric Furnaces Ltd announces that the 
company has recently received from the United States an 
order for twenty-eight 750-lb capacity mains-frequency 
induction heated aluminium holding furnaces valued at 
nearly $300,000 
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NEW PLANT 


Forgings trimming press 

A new line of single-point, straight-side presses primarily 
designed for trimming forgings, but also useful for stamp- 
ing and drawing operations, is announced by the Erie 
Foundry Co, Erie, Pennsylvania. The proportions of 
the press ram, bolster and stroke have been designed to 
J.1.C. press room standards; other J.I.C. standards have 
been followed where they apply. Trimming press users 
in the automotive and commercial forging field were 
consulted in order that this press would meet all their 
requirements 

The press frame is of four-piece construction, and uses 
pre-stressed strain rods for rigidity. The press features 
central forced lubrication, air counterbalance, and power 
ram adjustment. The lubricant is force-fed to all of 
the bronze bearings and guides. The pump for this 
system is mounted in a recessed position to protect it 
from damage 

The clutch is an air-operated, friction type which is 
engaged by compressed air and released by springs 
The brake is a shoe type and is released by air and set 
by springs. Both the clutch and brake are designed to 
allow maximum air flow through them to keep them cool 

The long guide faces of the ram are fitted with bronze 
guide strips which can be replaced when they have been 
worn beyond the point where adjustment can take up 
the clearance. The guides for the ram are attached to 
the frame for easy removal should re-machining become 
necessary. Their length assures that the ram is never 
out of the guides at either extreme of the stroke. 

The large-diameter ram adjusting barrel is securely 
guided in the ram to preserve accurate alignment. This 
adjustment can be made either manually or by motor 
When motor drive is employed, limit switches restrict 
the travel of the adjustment. 








1 Forgings trimming press 
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Electrical control for the press is recess-mounted on 
the right in the side housing. Windows are provided 
through the side housing on both sides to permit placement 
or removal of material from the sides of the press 

The press can be supplied in various speeds and 
strokes and in sizes from 150—600 tons. The 150-ton 
size is immediately available from factory stocks. Agents 
in the U K for Erie presses are Burton Griffiths & Co Ltd, 
Kitts Green, Birmingham 


Oxy-propane flame washing 

A new flame-washing process has been developed by 
British Oxygen Gases Ltd to meet the need for a cheaper 
and more efticient method of removing excess metal from 
steel castings (fig 2 


The process is generally limited to castings which can 


be cut readily and safely by normal oxygen cutting 
methods. With castings which have a high carbon 
content, precautions normally taken for local heating 
applications (as with welding and cutting) should be 


adopted to avoid cracking and hardening. Flame washing 
is not effective when sand is encountered to any extent 
or for stainless or high-alloy steels. Powder washing 
should be used in these instances 

The flame-washing blowpipe is effective in areas which 
cannot easily be reached by hand grinding. It can be 
used to remove excess metal in the form of flashing, riser 





2 Shaping a crane hook by the flame-washing process 
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within the exchangers, and the mains which carry steam 
to the turbo-alternator house. This installation of the 
reactor vessel, ducting and heat exchangers at Berkeley, 
is being carried out by Messrs John Thompson. The 
electrical contractors are AE I, who are providing the 
core of the reactor and the turbo-alternators. The civil 
contractors are John Laing & Son Ltd and Balfour- 
Beatty & Co Ltd. 


Forming tube ends by the hot-spinning process 
The use of the hot-spinning method to form the ends 
of tubes by a Cardiff engineering firm has proved to be 
two and a half times faster than conventional pressing 
methods and also cheaper by the same amount. The 
firm recently required an 84-in. diameter tube, 18 in. 
long, to be reduced at one end to a hole of 5] in. od 
with its centre 0-35 in. off the centre line of the tube. 
Made from 7-gauge mild steel, the tube was rolled and 
seam welded and no thinning of the wall could be allowed 
during the reducing process. 

The advice of British Oxygen Gases Ltd was sought 
and after investigation it was decided that the hot-spinning 
technique should be used in preference to pressing 
After many experiments, the following procedure proved 
to be effective and is now being adopted. 

The tube is set up 0: 35 in. out of centre in the four-jaw 
chuck of a heavy centre lathe. A 20-jet oxy-acetylene 
burner is supported above the tube at such an angle that 
a zone 1} in. wide measured from the tube end is evenly 
heated. A 4}-in. diameter roller with 30° taper is sup- 
ported in the lathe tool post and set at an angle of 15 
to the chuck centre line. 

The tube is spun at 167 rev/min and heated by the 
burner for 40-45 sec before bringing up the roll to touch 
the tube end at the small diameter. The lead screw is 
then engaged and traversed for 1j in. This is the first 
forming operation and produces a 45 conical reduction 
on the end of the tube. The time for this operation is 


8 sec. For the second operation, a roll is positioned and 
fed along for 4 in. This shouldering operation takes 
5 sec. 


The forming process is finished off by changing the 
position of the second roll and engaging the cross-feed 
for a } in. travel. The burner is switched off and the 
tube is cooled while spinning. The tube is then bored 
to size and end-faced. 

This method of hot spinning has resulted in a wall 
thickness variation of only 0-0015 in., a far closer toler- 
ance than that obtained by cold pressing. In view of the 
success of the process, a special machine is now being 
constructed to deal with many thousands of tubes on a 
production scale. This is being designed so that the 
rolls and cutting tools can be indexed automatically and 
the floor-to-floor time for each tube will be less than 
3 min. 


Mechanical spinning of metal bellows 

New types of machires developed by design engineers 
of Smiths Motor Accessory Division have made possible 
a 20%, rise in the output of thermostats from the Putney 
Vale factory of K.L.G. Sparking Plugs Ltd, part of the 
S MA group of companies. 

Key to the increased production is a machine which 
enables the metal bellows of thermostats to be spun and 
fashioned mechanically and to a greater degree of con- 
trolled accuracy than was possible by manual methods. 
Equally important are other machines which deep-draw 
and ‘iron’ the brass stampings into thin-walled tubes, 
some 18 in. in length, and it is from these tubes that 
the bellows are automatically formed. The new method 
of drawing enables the tubes to be drawn 10°, thinner— 
at 0°0045 in.—than was possible before, resulting in more 
sensitive bellows. 
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spinning machine 


Che highly skilled job of spinning the bellows was 
rmerly done by operators using hand tools. Now, the 
machine takes the tube and with a ‘ finger” insert 
I t outward against a guide which forms a series of 
olutions of predetermined length and diameter. Two 
llows are spun, in a matter of seconds, from one length 
tube. When each bellows has been formed to a pre- 
viously calculated size the machine cuts it off automatically. 

Io match the increased rate of output of bellows made 
possible by the new methods, semi-automation has been 
carried to the assembly of the complete thermostats. 
A conveyor belt carries all the component parts to the 
operators of each sub-assembly point. The operator 
removes whichever item is required from the conveyor 
and solders it in position by using a specially adapted 
high-frequency soldering unit. This same conveyor 
ensures that all the components are perfectly clean by 
passing through an electrolytic cleaning process. 

From the moment the bellows come off their forming 
machine to the completion of the actual thermostat, very 
little ‘handling’ of the components is evident; the 
assembly cycle being that the bellows are first spin dried 
to remove surplus moisture and then annealed to relieve 
manufacturing stresses. The ends are cleaned and tinned 
on one of the many different rigs attached to the various 
high-frequency soldering units prior to having the 
* bellows plates’ and valve stem soldered in position. 

The completed unit is placed on a special ‘ con- 
veyorized ’ calibrating rig where it passes through the 
water-filled calibration tanks, the temperatures of which 
are electronically controlled to 1°C. During passage 
through these tanks the thermostat valve is finally soldered 
in position whilst still in water by high-frequency 
soldering. 

Testing, also, is performed on the same conveyor. 
The thermostat is stressed to be beyond its normal 
operating temperature by virtually boiling it. From here 
the units are automatically ejected, visually inspected 
and packed for despatch. 


_= 
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NIMONIC ALLOYS 


30-TON FORGINGS SUSPENDED 
FOR HEAT TREATMENT 
AT 1,000°C 
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A SPECIAL TYPE of ‘cruet’ for suspending 
forgings vertically during heat-treatment has 
been developed by William Beardmore and 
Company Limited. Weighing 4) tons, it con- 
sists of two main members of heat-resisting 
steel, joined together by bolts 4 ft. long. These 
bolts must carry the weight both of the 
lower member and a forging of up to 30 tons, 
through a continuous heat-treatment cycle 
involving temperatures of over 1,000°C for 
12-hour periods. 

Under these exacting conditions, the axle-type 
steel bolts which were first employed quickly 
failed through scaling and lack of mechanical 
strength. A mixed set was then incorporated, 
consisting of four bolts of heat-resisting steel 
and four of Nimonic 75. After a period of 
service, it was found that the steel bolts had 
extended and become virtually useless, and 
that the bolts of NIMONIC 75 alone were sup- 
porting almost the entire load. Because of this 
proved superiority, 3-in. diameter bolts of 
NIMONIC 75 secured to NIMONIC 75 nuts are 
now employed in all the ‘cruets’ used by 
Messrs. Beardmore for handling large forg- 
ings, with smaller bolts of the same material 
for forgings of up to 8 tons. 


NIMONIC’ (S$ 4 REGISTERED TRADE MARK 


a HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 
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pads, brackets and chill nails, and also to blend in core 
offsets. The equipment is simple—much the same as 
for normal cutting work except that a special curved 
nozzle is required—and propane is used as the fuel gas. 
An operator who is skilled in oxy-acetylene cutting can 
become proficient in the technique of flame washing 
after about a wecek’s training 

The area which can be flame washed in one pass 
depends on how quickly the surface can be heated to 
ignition temperature. Two or more parallel passes may 
be necessary to remove riser pads larger than 3—4 in. 
across. For the majority of operations, gas consumptions 
are between 40 and 60 cu ft h for propane and 400 — 600 
cu fth for oxygen 

Although developed primarily for use in steel foundries, 
flame washing can be adapted to other types of work 
Ihe process is now being used in the manufacture of 
crane hooks. Approximate shapes are profile cut from 
thick steel plate and flame washing is used to shape the 
hook accurately from the square section. Previously, 
grinding and hammering were used for the final shaping. 


Industrial inspection kit 
The ‘ Ellispection’ kit, manufactured and marketed by 
the Ellis Optical Co, Thornton Heath, Surrey, comprises 
a series of rigid and flexible probes with fixed and movable 
mirrors, magnifiers and midget battery-operated electric 
lights, the smallest of dia. 4 in. 

All parts are interchangeable and interlocking, thus 
one Or more parts in any combination make it possible to 





3 The ‘ Ellispection’ kit 
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probe, illuminate and inspect machinery, castings, dies, 
pipe assemblies, chemical plants, electronic valves and 
sO many other types of plant or equipment. 

As will be seen in the illustration, the compact kit is 
housed in a fitted, black hardwood case, compact and easy 
to carry. All metal parts are finished in durable nickel 
and two standard U 2-type torch batteries are the means 
of power and are housed in the battery handle. 


Specimen preparation 
The continuous rotation of the electrolyte in the Shandon 
electro-polisher prepares specimens for immediate micro- 
scopic examination 

The electrolyte, drawn through the centrifugal pump, 
is pumped through a series of holes so that it contacts 
the specimen as a constantly rotating, continuously 
renewed liquid column. This ensures a perfect polish 
and quality finish without flow lines. It eliminates cold 
working and false deformation structures and reduces 
pecimen preparation to a mere routine instead of the 





highly sk i operation of mechanical polishing. 

I polishing deck, mounted on rigid PVC, is a self- 
contained unit resting on the electrolyte tank and contains 
the pump, specimen clamp and electrolytic cell. The 
pecially designed power supply has separate d c outputs 


ontrols for manual and automatic polishing and 
Additional output terminals provide facilities 
iker etching when required 
I pump is made from PVC and polythene, and all 
ments in contact with the electrolyte are made 
rrosion-resistant material 


Nucleonic thickness gauge 
first British-made four-channel nucleonic thickness 
incorporates four electronic ‘ continuous balance’ 
p chart recorders to measure thicknesses of the order 

200th of an inch 

The material to be measured is passed between a 
active source and a detector, which receives the 
liation passed by the material Variations in the 
kness of the material cause minute and continuous 
ariations in the intensity of radiation received at the 
ietector [he highly sensitive ‘ continuous balance ’” 
»otentiometer measures these changes, and indicates and 
em either as material thickness or as weight 











Manufactured by the Baldwin Instrument Co Ltd, 

nstrument is installed on a machine producing 
d cord for motor tyres Two channels 
thickness of the coating on each side of the 








4 Nucleomc thickness gauge 
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Machining capacity offered to the HEAT TREATMENT 
Drop Forging Industry BRIGHT HARDENING. Small compo- 
nents; Bolts, Rivets, Washers, Screws and 
SPECIALISED SERVICES OFFERED FOR ALL Springs, also large sections up to 3 ft. 
TYPES OF RECONDITIONING BRIGHT ANNEALING. Steel, Stainless 
Steel, Nickel Silver, etc 
papoage - eee For Skin Hardening 
@ MACHINING AND REBUILDING OF p to .03 
WORN EQUIPMENT Gas CARBURIZING. Gear Wheels, etc., 
deep case depths. 
@ SLIDES, GUIDES, HAMMERS, LIGHT ALLOYS. Solution and Precipitation 
BEARINGS AND TOGGLES up to 10-ft. Sections 
@ ALL TYPES OF HEAVY MACHINING oe ae TE 
@ WE CAN COLLECT AND DELIVER COPPER AND ITS ALLOYS. Chromium 
and Beryllium Copper, Aluminium Bronze, 
@ QUOTATIONS BY RETURN Solution Treatment, Ageing and Annealing. 
GENERAL PURPOSE APPLICATIONS. 
Let us help get your machine back into production Treatment of tools, forgings, castings, spinnings, 
immediately, ring STOURBRIDGE 3891, 4850 etc., in all alloys. 








. 
Telephore and Telegrams: West Bromwich 0584 and 0756 


ROBERTS BROS.Wonpsiey STOURBRIDGE 


WORDSLEY 








HEAT ALLOY STEELS - too! 
TREATMENT 


OR many years it has been 
known that -40/50°, Carbon Steel 


! Specialised services offered for the treat- Gears will give an appreciably longer 
ment of raw and semi-finished ferrous nes eee 
j our to five times the normal. 
metals 
EWER people are aware that 
Alloy Steels—Nickel Chromium 
@ MANGANESE STEEL CASTINGS —En 23, En 24, En 110, etc., can be 
@ PLAIN and ALLOY STEEL FORGINGS similarly treated—and pass the most 
stringent tests. 
e@ S.G. IRON CASTINGS 
@ BLACKHEART MALL. CASTINGS Write us or ‘phone for full information 
} @ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED | FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
: FFI 
PENISTONS OAS sain "06 SHEFFIELD, | Telephone 21627 

















Zilina: 


ee 


ne oe 


metal treatment 
and Drop Forging 


august, 1958 


CLASSIFIED ADVERTISEMENTS 





FIFTEEN WORDS for 7/64. (minimum charge) and 4d. per word thereatter 
Box number 2/6d., including postage of replies Situations Wanted 
2d. per word 
Replies addressed to Box Numbers are to be sent, clearly 

marked, to Metal Treatment and Drop Forging, John Adam 

Heuse, John Adam Street, London, W.C.2. 


SITUATIONS VACANT 





MIDLAND COMPANY 
engaged in Cold Rolling Bright Steel Strip 
require SALES REPRESENTATIVE for 
London. Must be experienced in the trade. 
Full details of past experience and con- 
nections, together with salary required, to 
be stated. Box MC 106, MetaL TREAT- 

MENT AND Drop FORGING. 











ETALLURGIST required to assist in laboratory of West 

London company manufacturing automotive en- 
gineering devices. Duties will include metallurgical 
investigations into heat-treatment and production prob- 
lems on a wide range of processes and materials. Ability 
to write concise reports desirable. Opportunities for 
advancement in expanding progressive department for 
person with initiative. Applicant should possess, or be 
studying for, Higher National Certificate in metallurgy. 
Pension scheme, good working conditions and recreational 
facilities. Apply in full to Staff Employment Officer 
(Ref. M.E.T.), C.A.V. Ltd., Warple Way, Acton, London, 
W.3 





TECHNICAL LIAISON SALES 
REPRESENTATIVE 
Required by Specialist Company of 
DROP FORGERS 
The successful applicant will meet one or more of 
the following requirements: 
1. H.N.C. or equivalent in Metallurgy 
2. Knowledge of drop and press forging 
3. Experience as a representative for steel or 
non-ferrous products 
4. Works experience with either aircraft, vehicle, 
or steam or gas turbine production. 
Preferred age—28-35 years. Salary according to 
qualifications and experience 


Interviews can be arranged in Birmingham, 
Sheffield or London 


Please reply with full details to Box T.L. 108, 
METAL TREATMENT AND Drop FORGING 











_ SITUATIONS VACANT—continued 


ETALLURGIST required for research and development 

laboratory. Must be fully conversant with heat- 
treatment techniques and preferably have a knowledge of 
metallography and physical methods of analysis. Perma- 
nent position with good future prospects. Pension 
Scheme. Apply in writing to—Chief Metallurgist, Wild- 
Barfield Electric Furnaces Ltd., Elecfurn Works, Watford 
By-Pass, Watford, Herts. 


MACHINERY FOR SALE 


Mis TWO-CWT. SIZE PNEUMATIC POWER HAMMER for 
sale. Overhanging type with slides. Arranged 
motor drive 400 3/50. Complete with separate anvil. 
Longest stroke 14in. Weight about 55 cwt. Photo, etc., 
from F. ]. Edwards Limited, 359 Euston Road, London, 
N.W.1, or 41 Water Street, Birmingham 3. 


) 


32-ft conveyor, steam or h p water-heated. Also: 
» Priest furnace, fitted with hydraulic-driven block 
conveyor Temperature, cold to 1,100°C. Two exit 
at 750°C and 1,100°C. Gas fired. Automatic 
temperature control. Approx. 18-in. 3-ft capacity; 


Os —STORDY AIR-DRYING OR DE-WAXING OVEN, with 


30-fc long. Both items in good working order, at present 
», will be available in August, 1958. Enquiries to 
Purchasing Dept., Metropolitan-Vickers Electrical Co 


Ltd, Trafford Park, Manchester 17. 


DIE SINKING 
CAPACITY 


Offered by Firm engaged solely on Die Sinking 
and Tool making for the Drop Forging and 
Allied Industries including Horizontal Forging 


* 
DIES NORMALLY SUNK IN THE HARDENED 


AND TEMPERED CONDITION ON CUSTOMERS’ 
MATERIAL IF REQUIRED 





Any size blocks up to approx. 12 cwts. each 
DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer 
quick deliveries combined with any limit of accuracy 


SAWBRIDGE & CO. 


27 TEMPLE BAR - WILLENHALL - STAFFS 
Telephone: Willenhall 258 
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Reduces capital outlay & production costs 


An alternative to the protective atmosphere method, 
VACUUM bright annealing equally prevents oxidisatior 
scaling or discolouring of wire and strip, ferrous or 
non-ferrous. A vacuum pumping system replaces the 
conventional gas produc ing equipme nt. Operating costs 
are low. Operation is simple. These types of vacuum 
bright annealing furnaces are offered by the combined 
authorities in furnace and vacuum techniques—EFCO and 


EDWARDS 
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Efco-Edwards bell-type annealing furnace Vacuum-type pit furnace. A vacuum-tight Elevator-type furnace. A vacuum-tight re 

The electrically heated furnace bell is retort is lowered into a pit-type heating tort is lifted by a ram into a furnace bell 
lowered over a vacuum-tight retort, from chamber. ** Speedivac”’ pumping system raised above the floor. During the heating 
which air is exhausted by the ** Speedivac”’ and valves ensure rapid removal of air from cycle the ‘*Speedivac’’ pumping system 
pumping system the retort produces the requisite vacuum im other 


c harged retorts 


May we send you further details? 


EFCO-EDWARDS Vacuum Metaliurgy Ltd. F 

Netherby, 161, Queens Road, Manor Roya! C ) 
Weybridge, Surrey Crawley, Sussex EDWARDS 
Weybridge 389! Crowley 1500 
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“ HARDENITE CARBON & ALLOY TOOL 
| STEELS forALL PURPOSES 


“HELVE" 


ROYDODS WORK 
HARDENITE STEE 
ATTERCLIFFE ROAD, 


( CARBON TOOL STEEL for 
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$s 
L 


Export Depertment 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone 
Sheffield 22! 3! 


LIinireo 
High-Grade Steel Makers 


SPEED 


“ ” ( HIGH 
MONARCH ? HOT & COLD DIE STEELS 
HOLDER BITS 


AND | 
WORKS 
SHEFFIELD, 4 


Telegrams 
Shafting, Sheffield, 4 
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41 Sidney Street, Sheffield, 1 
Telephone Sheffield 27357/8 
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For wire and strip in -VACU | | | 


Bright annealing 


Reduces capital outlay & production costs 
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Efco-Edwards bell-type annealing furnace 
The electrically heated furnace bell is 
lowered over a vacuum-tight retort, from 


which air is exhausted by the ** Speedivac”’ 


An alternative to the protective atmosphere method, 
VACUUM bright annealing equally prevents oxidisatior 
scaling or discolouring of wire and strip, ferrous or 
non-ferrous. A vacuum pumping system replaces the 
conventional gas producing equipment. Operating cost 
are low. Operation is simple. These types of vacuum 
bright annealing furnaces are oHered by the combined 
authorities in furnace and vacuum techniques—EFCO and 


EDWARDS 
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Vacuum-type pit furnace. A vacuum-tight Elevator-type furnace. A vacuum-tight re 


retort is lowered into a pit-type heating tort is lifted by a ram into a furnace bell 


chamber. ‘*Speedivac’’ pumping system 
and valves ensure rapid removal of air from 


raised above the floor. During the heating 
cycle the **Speedivac” pumping system 


pumping system the retort 


werneas 


May we send you further details? 


EFCO-EDWARDS Vacuum 
Netherby, 161, Queens Road, 

Weybridge, Surrey. 

Weybridge 389! 


produces the requisite vacuum in other 


charged retorts 


Metaliurgy Ltd. 
Manor Roya! 

Crawley, Sussex ! AH 

Crewley |500 
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High-Grade Steel Makers 


Ww ” ¢ HIGH SPEED STEELS 
MONARCH’ 5 HOT & COLD DIE STEELS 
TOOL HOLDER BITS 


sD) HARDENITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 
“HELVE" 


( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


ROYOS WORKS ANDO 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 


Export Depertment 
THE HARDENITE STEEL COMPANY LIMITED 























MODEL LB95 
CRACK DETECTOR 

















41 Sidney Street, Sheffield, | 
Telephone Telegrams 
Sheffield 2213! Shafting, Sheffield, 4 Telephone Sheffield 27357/8 
| 
| 
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You're “‘in the clear” with 
Mr. Therm’s Smokeless Coke and Gas. 
(> For expert technical advice on Smokeless Fuel 


consult your Area Gas Board. 


$5.3 Ly 
YO 
L 


st AND - li million housewives cook by GAS! 





